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FULL TEXT OF CASES (USPQ FIRST SERIES) 

In re Johnson and Famham, 194 USPQ 187 (CCPA 1977) 



In re Johnson and Famham, 194 USPQ 187 (CCPA 1977) 

In re Johnson and Farnham 

(CCPA) 
194 USPQ 187 

Decided June 16, 1977 
No. 76-643 

U.S. Court of Customs and Patent Appeals 
Headnotes 

PATENTS 

L_Claims Indefinite — In general ( § 20,551) 

Construction of specification and claims — By prior art (§ 22.20) 

Analysis of 35 U.S.C. 112 second paragraph rejection should begin with determination of whether 
claims satisfy requirements of second paragraph; first inquiry, therefore, is to determine whether claims 
set out and circumscribe particular area with reasonable degree of precision and particularity; it is here 
where definiteness of language employed must be analyzed, not in vacuum, but always in light of 
teachings of prior art and of particular application disclosure as it would be interpreted by one 
possessing ordinary level of skill in pertinent art. 



l^Claims - Indefinite - In general (§ 20.551) 

Claims Specification must support (§ 20.85) 

Undue breadth of claims is not indefiniteness. 



3^Construction of specification and claims — By specification and drawings — In general _ 
(§ 22.251) 

Claim language must be read in light of specification as it would be interpreted by one of ordinary skill 
in art. 



4^Claims Indefinite - In general (§ 20.551 ) 
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Claims — Specification must support (§ 20,85) 

Pleading and practice in Patent Office — Rejections (§ 54.7) 

Specification - Sufficiency of disclosure (§ 62.7) 

Examiner's rejection premised on general ground that claims are "broader than the express limitation 
disclosed as defining the invention" and specific grounds that "express disclosure is clearly limited to 
the sigma value recited in claim 1," raises lack of enablement issue properly arising under first not 
second paragraph of Section 1 12. 



^^Specification — In general (§ 62.1) 

Specification — Claims as disclosure (§ 62.3) 

It is fiinction of specification, not claims, to set forth "practical limits of operation" of invention; one 
does not look to claims to find out how to practice invention they define, but to specification. 



6. Claims Specification must support (§ 20.85 ) 
Construction of specification and claims — In general (§ 22.01) 

Specification — Sufficiency of disclosure (§ 62.7) 

Specification as whole must be considered in determining whether scope of enablement provided by 
specification is commensurate with scope of claims. 



TLConstruction of specification and claims Broad or narrow In general ( § 22.101 ) 
Patent grant - Intent of patent laws (§ 50.15) 

Specification Sufficiency of disclosure (§ 62.7) 

Claims must adequately protect inventors to provide effective incentives; to demand that first to disclose 
shall limit his claims to what he has found will work or to materials that meet guidelines specified for 
"preferred" materials in involved process would not serve constitutional purpose of promoting progress 
in useful arts. 



S^Applications for patent - Continuing (§ 15.3) 

Applicants are entitled to benefit of filing date of parent application that discloses invention of 
application in manner provided by Section 112, paragraph 1. 
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S^Claims — Broad or narrow — In general (§ 20,201) 

Estoppel — Involving interference (§ 35.20) 

It is for inventor to decide what bounds of protection he will seek; it is applicant's right to retreat to 
otherwise patentable species merely because he erroneously thought he was first with genus when he 
filed. 



IflLSpecification — Sufficiency of disclosure (§ 62.7) 

Notion that one who fully discloses, and teaches those skilled in art how to make and 

Page 188 

use genus and numerous species has failed to disclose and teach those skilled in art how to make and use 
genus minus two species and has thus failed to satisfy Section 112 first paragraph requirement results 
fi-om hypertechnical application of legalistic prose relating to that provision of statute. 



ll^Pleading and practice in Patent Office - In general (§ 54.1) 

Specification Sufficiency of disclosure (§ 62.7) 

While insufficiency under 35 U.S.C. 1 12 cannot be cured by citing causes for insufficiency, it is not true 
that factual context out of which question under Section 112 arises is inunaterial; specification having 
described whole invention necessarily described part remaining after invention of another was excised. 



Particular patents - Polyarylene Polyethers 

Johnson and Famham, Polyarylene Polyethers, rejection of claims 1-9, 64, and 68-72 reversed. 



Case History and Disposition: 

Appeal firom Patent and Trademark Office Board of Appeals. 

AppUcation for patent of Robert N. Johnson and Alford G. Famham, Serial No. 230,091, filed Feb. 28, 
1972, continuafion-in-part of application Serial No. 295,519, filed July 16, 1963. From decision 
rejecting claims 1-9, 64, and 68-72, applicants appeal. Reversed; Lane, Judge, dissenting in part with 
opinion. 

Attorneys: 

Robert C. Brown and Aldo J. Cozzi, both of New York, N.Y. (James C. Arvantes, New York, N.Y., of 
counsel) for appellants. 

Joseph F. Nakamura (Henry W. Tarring, II, of counsel) for Commissioner of Patents and Trademarks. 
Judge: 
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Before Markey, Chief Judge, and Rich, Baldwin, Lane, and Miller, Associate Judges. 

Opinion Text 

Opinion By: 

Markey, Chief Judge. 

This appeal is from the decision of the Patent and Trademark Office (PTO) Board of Appeals affirming 
the rejection under 35 USC 102 or 103 (the rejection also raises a written description issue under 35 
use 112, first paragraph) of claims 1-9, 64, and 68-70 and the rejection under 35 USC 1 12, first 
paragraph (enablement) and second paragraph (indefiniteness), of claims 64 and 68-72 in appellants' 
application No. 230,091 filed February 28, 1972 (the 1972 application) for "Polyarylene Polyethers." i 
The 1972 appHcation is a continuation-in-part of three earlier applications, the earliest being application 
No. 295,519 filed July 16, 1963 (the 1963 apphcation). We reverse. 

The Invention 

The invention is in the field of polymer chemistry and more specifically relates to linear thermoplastic 
polyarylene polyether polymers composed of recurring units having the general formula 
Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 

where O represents an oxygen atom, represents the residuimi of a dihydric phenol Compound, and E' 
represents the residuum of a benzenoid compound having one or more inert electron withdrawing groups 
^in the ortho ^r para ^positions to the valence bonds and where both E and E* are bonded to the ether 
oxygens through aromatic carbon atoms. 

Appellants describe a method of synthesizing these polymers by reacting a double alkali metal salt of a 
dihydric phenol with a dihalobenzenoid compound in the presence of certain solvents under 
substantially anhydrous reaction conditions. 

The 1972 application includes the following disclosure with respect to the electron withdrawing group 
found in E' and in the E' precursor compound, that is, in the compound which is the predecessor of E' in 
the above general formula (we have designated paragraphs [A] and [B] and have added emphasis 
thereto): 

Any electron withdrawing group can be employed as the activator group in these compounds. It 
should be, of course, inert to the reaction, but otherwise its structure is not critical. Preferred are 
the strong activating groups such as the sulfone group 

Page 189 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 
bonding two halogen substituted benzenoid nuclei as in the 4,4'-dichlorodiphenyl sulfone and 
4,4*-difluorodiphenyl sulfone, although such other strong withdrawing groups hereinafter 
mentioned can also be used with equal ease. 

The more powerful of the electron withdrawing groups give the fastest reactions and hence are 
preferred. It is fiirther preferred that the ring contain no electron supplying groups on the same 
benzenoid nucleus as the halogen; however, the presence of other groups on the nucleus or in the 
residuum of the compound can be tolerated. Preferably, all of the substituents on the benzenoid nucleus 
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are either hydrogen (zero electron withdrawing), or other groups having a positive sigma al value, as set 
' forth in J.F. Bunnett in Chem. Rev. 49 273 (1951) and Quart. Rev., 12, 1 (1958). See also Taft, Steric 
Effects in Organic Chemistry, John Wiley & Sons (1956), chapter 13; Chem. Rev., 53, 222; JACS, 74, 
3120; and JACS, 75,4231.^ 

The electron withdrawing group of the dihalobenzenoid compound can function either through the 
resonance of the aromatic ring, as indicated by those groups having a high sigma a2value, i.e., above 
about +0.7 or by induction as in perfluoro compounds and like electron sinks. 

[A] 

Preferably the activating group should have a high sigma aSvalue, preferably above 1.0, although 
sufficient activity to promote the reaction is evidenced in those groups having a sigma value above 0, 7, 
although the reaction rate with such a low powered electron withdrawing group may be somewhat low. 

The activating group can be basically either of two types: 

(a) monovalent groups that activate one or more halogens on the same ring as a nitro group, 
phenylsulfone, or alkylsulfone, cyano, trifluoromethyl, nitroso, and hetero nitrogen as in pyridine. 

(b) divalent group [sic] which can activate displacement of halogens on two different rings, such as the 
sulfone group 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 
; the carbonyl group 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 
; the vinyl group 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 
; the sulfoxide group 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

; the azo group -N=N-; the saturated fluorocarbon groups -CF 2CF 2-; organic phosphine oxides 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 
; where R is a hydrocarbon group, and the ethylidene group 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

where X can be hydrogen or halogen or which can activate halogens on the same ring such as with 
difluorobenzoquinone, 1,4- or 1,5- or 1,8- difluoroanthraquinone. 

IB] 

Those skilled in the art will understand that a plurality of electron withdrawing groups may be 
employed if desired, including electron withdrawing groups having a sigma a4value below about +0. 7 
provided the cumulative sigma a5influence on each of the reactive halogen groups of the halobenzenoid 
compound is at least about +0. 7. 

Page 190 
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The Disclosure and Prosecution History of the 1963 Application 

To understand the written description issue in this appeal, it is necessary to summarize the disclosure 
and prosecution history of the 1963 application. The 1963 application described (and claimed) in haec 
verba a genus of polymers as defined by the above general formula. That application stated: 

The high molecular weight polyarylene polyethers of the present invention are the linear 
thermoplastic reaction products of an alkali metal double salt of a dihydric phenol and a 
dihalobenzenoid compound. Characteristically, this polymer has a basic structure composed of 
recurring units having the formula 

-0-E-O-E'- 

wherein E is the residuum of the dihydric phenol and E' is the residuum of the benzenoid 
compound, both of which are valently bonded to the ether oxygen through aromatic carbon 
atoms, as hereinafter more fully discussed. Polymers of this type exhibit excellent strength and 
toughness properties as well as outstanding thermal, oxidative and chemical stability. 

The 1963 application then discussed the identity of E and the E precursor compound, that is, the 
compound which is the predecessor of E in the general formula. It stated: 

The residuum E of the dihydric phenol of these alkali metal salts is not narrowly critical. It can 
be, for instance, a mononuclear phenylene group as results from hydroquinone and resorcinol, or 
it may be a di- or polynuclear residuum. Likewise it is possible that the residuum be substituted 
with other inert nuclear substituents such as halogen, alkyl, alkoxy and like inert substituents. 

Such dinuclear phenols can be characterized as having the structure: 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or callBNA PLUS at l'800'452-7773 or 202-452-4323. 

wherein Ar is an aromatic group and preferably is a phenylene group, Y and Y lean be the same 
or different inert substituent groups as alkyl groups having from 1 to 4 carbon atoms, halogen 
atoms, i.e. fluorine, chlorine, bromine or iodine, or alkoxy radicals having from 1 to 4 carbon 
atoms, r and z are integers having a value from 0 to 4, inclusive, and R is representative of a 
bond between aromatic carbon atoms as in dihydroxydiphenyl, or is a divalent radical, including 
for example, inorganic radicals as 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 

See text in hard copy or call BNA PLUS at J -800-452-7773 or 202-452-4323. 

, -0-, -S-, -S-S-, -SO and divalent organic hydrocarbon radicals such as alkylene, alkyUdene, 

cycloaliphatic, or the halogen, alkyl, aryl or like substituted alkylene, alkylidene and 
cycloaliphatic radicals as well as alkahcyclic, alkarylene and aromatic radicals and a ring fused 
to both Ar group[s]. 

The application then mentioned by name some fifty specific dihydric dinuclear phenol (bisphenol) 
compounds which could be the E precursor compound. The application further stated: 

A preferred form of the polyarylene polyethers of this invention are those prepared using the 
dihydric polynuclear phenols of the following four types, including the derivatives thereof which 
are substituted with inert substituent groups 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at J -800-452-7773 or 202-452-4323. 
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in which the R group represents hydrogen, lower alkyl, lower aryl and the halogen substituted 
groups thereof, which can be the same or different. 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323, 

Turning to the identity of the F precursor compound, the application stated: 

Any dihalobenzenoid compound or mixture of dihalobenzenoid compounds 

Page 191 

can be employed in this invention which compound or compounds has the two halogens bonded 
to benzene rings having an electron withdrawing group in at least one of the positions ortho and 
para to the halogen group. The dihalobenzenoid compound can be either mononuclear where the 
halogens are attached to the same benzenoid ring or polynuclear where they are attached to 
different benzenoid rings, as long as there is the activating electron withdrawing group in the 
ortho or para position of that benzenoid nucleus. 

The 1963 application also included a discussion of the electron withdrawing group that was substantially 
the same as ttie paragraphs quoted above from the 1972 application. 

The 1963 application contained twenty-six "examples" disclosing in detail the physical and chemical 
characteristics of fifteen species of polyarylene polyethers. One of the species was the polymer 
composed of these recurring structural units (which we designate as species [1]): ^ 
Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

Another species disclosed was the polymer composed of these recurring structural units (which we 
designate as species [2]): ^ 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

Appellants' 1963 application became involved in a three-party interference ^which resuhed in an award 
of priority adverse to appellants from which they did not appeal. The sole count of the interference 
recited species [1]. 

After their involvement in the interference ended, appellants filed the 1972 application, and they sought 
broad claims which would at the same time exclude the subject matter of the lost count. 

The Claims 

Claim 1, now on appeal, is illustrative of the group of claims (claims 1-9, 64, and 68-70) which seek to 
exclude the subject matter of the lost count and which are involved in the 35 USC 102 or 103 rejection: 

1 . A substantially linear thermoplastic polyarylene polyether composed of recurring units having 
the general formula: 
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Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

where E is the residuum of a dihydric phenol and E' is the residuum of a benzenoid compound 
having an inert electron withdrawing group in one or more of the positions ortho and para to the 
valence bonds having a sigma al value above about +0.7, and where both of said residuimi [sic, 
residua] are valently bonded to the ether oxygens through aromatic carbon atoms with the 
provisos that E and E* may not both include a divalent sulfone group and may not both include a 
divalent carbonyl group linking two aromatic nuclei [Emphasis added.] 

The first "proviso" in claim 1, that "E and E' may not both include a divalent sulfone group," excludes 
species [1], the species of the lost count. The second "proviso," that "E and E' * * * may not both 
include a divalent carbonyl group," excludes species [2], which appellants state is "analogous" or 
"equivalent" to species [1]. — 

Claims 64 and 71 are illustrative of the group of claims (claims 64 and 68-72) rejected under 35 USC 
1 12, first and second paragraphs: 

64. A substantially Hnear thermoplastic polyarylene polyether composed of recurring units 
having the general formula: 

Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

where E is the residuum of a dihydric phenol and E* is the residuum of a 

Page 192 

benzenoid compound having one or more inert electron withdrawing groups in at least one of the 
position [sic, positions] ortho and para to the valence bonds having a sigma alvalue sufficient to 
activate a halogen atom and where both of said residuum [sic, residua] are valently bonded to 
the ether oxygens through aromatic carbon atoms with the provisos that E and E' may not both 
include a divalent carbonyl group linking two aromatic nuclei. [Emphasis added.] 

71. The process for preparing substantially linear polyarylene polyethers which comprises 
reacting substantially equimolar amounts of an alkali metal double salt of a dihydric phenol with 
a dihalobenzenoid compound having halogen atoms activated by an inert electron withdrawing 
group in at least one of the positions ortho and para to the halogen atom, under substantially 
anhydrous conditions and in the liquid phase of an organic solvent having the formula: 
Graphic material consisting of a chemical formula or diagram set at this point is not available. 
See text in hard copy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

in which R represents a member of the group consisting of monovalent lower hydrocarbon groups free 
of aliphatic unsaturation on the alpha carbon atom and, when connected together represents a divalent 
alkylene group, and Z is an integer from 1 to 2 inclusive. [Emphasis added.] 

The Rejections 

The sole reference rehed upon by the examiner and the board is: 
Netherlands 6,408,130 January 18, 1965 

Claims 1-9, 64, and 68-70 were rejected under 35 USC 102 or 103 as unpatentable in view of the 
Netherlands patent, which is a foreign-filed counterpart of appellants* 1963 application. 
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Before the PTO, appellants conceded that the invention was fully disclosed in the Netherlands patent. 
However, appellants contended that the claims are entitled to the benefit of the 1963 filing date under 35 
use 120, ^and therefore the Netherlands patent is not available as a prior art reference. 

The examiner and the board were of the view that the claims are not entitled to the 1963 filing date 
because the presently claimed subject matter is not "described" in the 1963 application as required by 
the first paragraph of 35 USC 1 12. ^^As explained by the board: 

The question determinative of the issue at hand is thus whether or not appellants are entitled to 
the filing date of their parent application Serial No. 295,519, i.e., July 16, 1963. An answer to 
this question quite obviously depends on what is the invention defined by the instant claims. Is it 
the same as the one disclosed in [the] parent case or does it differ therefrom in a manner which 
precludes the instant claims from being afforded the filing date of the parent case? 

Under the rationale of the CCPA as set forth in In re Welstead, 59 CCPA 1 105, 463 F.2d 1110, 
174 USPO 449 (compare also In re Lukach et al., 58 CCPA 1233, 442 F.2d 967, 169 USPO 795 . 
and In re Smith [(I)], 59 CCPA 1025, 458 F.2d 1389, 173 USPO 679 \ which we deem 
controlling, we are constrained to conclude that the present claims are not entitled to the filing 
date of appellants* parent case Serial No. 295,519. The claims at issue contain provisos that E 
and E* may not both include a divalent sulfone group and may not both include a divalent 
carbonyl group linking two aromatic nuclei. The artificial subgenus thus created in the claims is 
not described in the parent case and would be new matter if introduced into the parent case. It is 
thus equally "new matter," i.e., matter new to the present application for 
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which no antecedent basis exists in the parent case. Consequently, appellants are not entitled to 
rely on the filing date of their parent case to support a new subgenus for which no basis exists in 
the parent case. The reason why appellants now limit their claims to exclude those species 
eliminated by the provisos, i.e., loss in an interference, is manifestly immaterial. 

Having reached the conclusion that appellants are not entitled to the filing date of their parent 
case for the subject matter defined by the present claims which delineate a new subgenus not 
described in the parent case, it follows that the Netherlands patent is a valid reference which, by 
appellants' own admission, fiiUy meets the claims. The indicated rejection of claims 1-9, 64 and 
68-70 under 35 U.S.C. 102 as unpatentable over the Netherlands patent is thus affirmed. The 
altemative reliance by the Examiner on Section 103 is inconsequential, Section 102 of the statute 
being the epitome of Section 103. In re Pearson, (CCPA), 494 F.2d 1399, 181 USPO 641 . 

Claims 64 and 68-72 were rejected under 35 USC 1 12, first and second paragraphs. In his Answer, the 
examiner stated that the claims were rejected under §112, first paragraph, for "being broader than the 
enabling disclosure" and under §112, second paragraph, ^for being "broader than the express 
limitations disclosed as defining the invention." The examiner said the "specific deficiencies of the 
claims and disclosure" are that the expression "to activate a halogen" (claim 64) is "indefinite" because 
"it does not specify toward what the activation is" and that "[t]he express disclosure is clearly limited to 
the sigma[ al] value recited in claim 1, for example: see [[A] and [B]]." 

In affirming the examiner on these rejections, the board stated: 

Further, claims 64 and 68-72 stand finally rejected under 35 U.S.C. 1 12 as being broader than 
the enabling disclosure (first paragraph) and broader than the express limitations disclosed as 



http://iplaw.bna.com/cgi-bin/omJsapi.dll//ip_uspq.nfo/?showhidden===yes&clientro=l^ 8/20/2005 



Page 10 of 16 



defining the invention (paragraph two). 

It is the Examinees position that "to activate a halogen atom" (claim 64) is indefinite and that the 
disclosure also is limited to dihalobenzenoid compounds not broadly merely "activated by an 
inert electron withdrawing group" (claims 68-72) but the activation must have a sigma a2value 
above about +0.7. 

We agree with this rejection. The specification makes it quite clear that a minimum sigma 
aSactivation value of the halogen atoms is required (note especially [[A]]) and an undefined 
sigma a4 value thus lacks the requisite preciseness conmiensurate with the enablement of the 
disclosure. 

Opinion 

/. The Rejections of Claims 64 and 68-72 under §11 2 

Claims 64 and 68-72 were rejected imder both the first and second paragraphs of 35 USC 112. 

[l]We begin with the rejections under the second paragraph of §1 12. As stated in In re Moore, 58 CCPA 
1042, 1046-1047, 439 F.2d 1232, 1235, 169 USPO 236 . 238 (1971): 

Any analysis in this regard should begin with the determination of whether the claims satisfy the 
requirements of the second paragraph. * * * 

This first inquiry therefore is merely to determine whether the claims do, in fact, set out and 
circumscribe a particular area with a reasonable degree of precision and particularity. It is here 
where the definiteness of the language employed must be analyzed ~ not in a vacuum, but 
always in fight of the teachings of the prior art and of the particular appHcation disclosure as it 
would be interpreted by one possessing the ordinary level of skill in the pertinent art. [Footnote 
omitted.] 

The examiner's §112, second paragraph, rejection was premised on the general ground that the claims 
are "broader than the express limitations disclosed as defming the invention" and on two specific 
grounds: (a) that the expression "to activate a halogen atom" is "indefinite" because "it does not specify 
toward what the activation is;" and (b) that "[t]he express disclosure is clearly limited to the sigma[ a5] 
value recited in claim 1, for example: see [[A] and [B]]." The board affirmed and stated: "an undefined 
sigma a6value thus lacks the requisite preciseness * * *." (Emphasis added.) 
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Ground (a) focuses on the specific phrase "to activate a halogen atom." But the language is found only 
in claim 64, not in claims 68-72. Claim 68 recites "a dihalobenzenoid compound having halogen atoms 
activated by an inert electron withdrawing group," and claims 71 and 72 have a similar recitation. 
(Claims 69 and 70 depend fi-om claim 68.) Those recitations clearly specify "toward what the activation 
is," as the examiner would require. Ground (a), therefore, lacks merit with respect to claims 68-72. 

[2]Product claim 64 defines the complete polymer structure by describing the constituents partially in 
terms of their functions in the reaction and by their linkage into the end-product polymer. The 
specification provides further guidance on the meaning of the E* term: 

It is seen also that as used herein, the E' term defined as being the "residuum of the benzenoid 
compound" refers to the aromatic or benzenoid residue of the compound after the removal of the 
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halogen atoms on the benzenoid nucleus. [Emphasis added.] 

It is also clear from the specification as a whole, that two keys to the polymerization reaction are inert 
electron withdrawing groups particularly positioned on the benzenoid nucleus and a cumulative sigma 
alvalue attributable to those withdrawing groups which is sufficient to activate a halogen atom on that 
nucleus. If the sigma a2value is not sufficient to activate a halogen atom on the benzenoid nucleus, the 
reaction will not take place and the polymer will not be made. See In re Angstadt, 537 F.2d 498, 190 
USPQ 214 (CCPA 1976). The specification adequately details which sigma a3 values are sufficient to 
carry out the reaction, and any person skilled in the art would immediately recognize from the above- 
quoted portion of the disclosure or the specification as a whole that the halogen atom mentioned in claim 
64 was on the benzenoid nucleus prior to the reaction. It is clear that those skilled in the art would have 
no trouble ascertaining whether any particular polymer falls within the scope of claim 64. See In re 
Goffe, 526 F.2d 1393, 188 USPQ 131 (CCPA 1975). The questioned limitation is merely surplusage, 
since the claim would be definite with or without it. ^ 

[3]The point made by the board, that "an undefined sigma a4value'* lacks "preciseness," is also imsoimd. 
^Claim language must be read in light of the specification as it would be interpreted by one of ordinary 
skill in the art. In re Moore, supra. As pointed out above, those skilled in the art will be able to 
determine immediately from appellants' detailed specification what level of activation (i.e., sigma 
aSvalue) is necessary to practice the invention. Cf In re Mattison, 509 F.2d 563, 184 USPQ 484 fCCPA 
1975). We conclude that the subject matter embraced by claims 64 and 68-72 is definite and that the 
claims set out and circumscribe a particular area with a reasonable degree of precision and particularity. 
In re Angstadt, supra; In re Skoll, 523 F.2d 1392, 187 USPQ 481 fCCPA 1975); In re Watson, 517 F.2d 
465, 186 USPQ 11 TCCPA 1975); In re Moore, supra. Therefore, the rejection of claims 64 and 68-72 
under the second paragraph of 35 USC 1 12 is reversed. 

{41The examiner's general ground and his ground (b) raise a lack of enablement issue properly arising 
under the first, not the second, paragraph of §1 12. Ground (b) simply supplies the examiner's reasoning 
in support of the rejection of the claims under §112, first paragraph, as "broader than the enabling 
disclosure." 

As appellants state, the crux of this lack of enablement rejection is that although the specification 
describes how the halogen atoms bonded to the dihalobenzenoid compound (the E' precursor compound) 
must be activated in order for polymerization to occur, the claims at issue do not recite a numerical 
definition of the degree of activation (a minimum sigma a6 value) required fi-om the electron 
withdrawing group. The PTO position is that the claims must recite a minimum sigma aTvalue in order 
to conform the scope of the claims to the scope of enablement provided by the specification. The PTO 
relies on statements [A] and [B] to prove that the scope of enablement 
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provided by the specification is not commensurate with the scope of the claims. 

£5]First, we note that it is the fimction of the specification, not the claims, to set forth the "practical 
limits of operation" of an invention. In re Rainer, 49 CCPA 1243, 1248, 305 F.2d 505, 509, 134 USPQ 
343, 346 (1962). One does not look to claims to find out how to practice the invention they define, but to 
the specification. In re Roberts, 470 F.2d 1399, 1403, 176 USPQ 313 . 315 (CCPA 1973); In re Fuetterer, 
50 CCPA 1453, 319 F.2d 259, 138 USPQ 217 (1963). 

£61Second, we note that the specification as a whole must be considered in determining whether the 
scope of enablement provided by the specification is commensurate with the scope of the claims. In re 
Moore, supra at 1047, 439 F.2d at 1235, 169 USPQ at 238-39 . 
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The present specification includes broad statements such as: "Any electron withdrawing group can be 
employed as the activator group in these compounds." The specification also discusses preferred 
embodiments, alternative embodiments, and the practical limits of operation. 

Statement [A] describes preferred embodiments and practical limits of operation. It says that electron 
withdrawing groups having a high sigma al value ("preferably above 1 .0") are preferred and that the 
practical limit of operation of the polymerization reaction is reached when the electron withdrawing 
group has a sigma a2value of 0.7 (at that value the reaction rate "may be somewhat low"). 

Statement [B] describes an alternative embodiment ("a plurality of electron withdrawing groups") and 
the practical limit of operation for this embodiment. It states that the cumulative sigma a3influence 
should be "at least about +0.7." 

[llThe PTO would limit appellants to claims reciting a sigma a4value of at least 0.7. This view is 
improper because it requires the claims to set forth the practical limits of operation for the invention and 
it effectively ignores the scope of enablement provided by the specification as a whole. As we said in In 
re Goffe, 542 F.2d 564, 567, 191 USPO 429 , 431 (CCPA 1976): 

[T]o provide effective incentives, claims must adequately protect inventors. To demand that the 
first to disclose shall limit his claims to what he has found will work or to materials which meet 
the guidelines specified for "preferred" materials in a process such as the one herein involved 
would not serve the constitutional purpose of promoting progress in the usefiil arts. See In re 
Fuetterer, 50 CCPA 1453, 1462, 319 F.2d 259, 265, 138 USPO 217 , 223 (1963). [Footnote 
omitted.] 

The rejection of claims 64 and 68-72 under the first paragraph of 35 USC 1 12 is reversed. 

//. The Rejection of Claims 1-9, 64, and 68-70 Under §102 or §103, Raising Issues Under 
§112 and §120 

[81We are convinced that the invention recited in claim 1 is "disclosed in the manner provided by the 
first paragraph of section 1 12" in the 1963 application and that claim 1 is therefore entitled to the benefit 
of the 1963 filing date. ^The only inquiry is whether, after exclusion firom the original claims of two 
species specifically disclosed in the 1963 appUcation, the 1963 disclosure satisfies §112, first paragraph, 
for the "limited genus" ^now claimed. 

While the board found that "no antecedent basis exists in the parent case" for the "limited genus" in 
claim 1, we see more than ample basis for claims of such scope. The 1963 disclosure is clearly directed 
to polymers of the type claimed. Fifty specific choices are mentioned for the E precursor compound, a 
broad class is identified as embracing suitable choices for the E' precursor compound, and twenty-six 
"examples" are disclosed which detail fifteen species of polyarylene polyethers. Only fourteen of those 
species and twenty-three of the "examples" are within the scope of the claims now on appeal. Two of the 
many choices for E and E' precursor compounds are deleted from the protection sought, because 
appellant is claiming less than the fiill scope of his disclosure. But, as we said in In re Wertheim, 541 
F.2d 257, 263, 191 USPO 90 . 97 (CCPA 1976): 

Inventions are constantly made which turn out not to be patentable, and applicants frequently 
discover during the course of prosecution that only a part of what they invented and originally 
claimed is patentable. 
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- [9]It is for the inventor to decide what bounds of protection he will seek. In re Saunders, 58 CCPA 1316, 
1327, 444 F.2d 599, 607, 170 USPQ213 . 220 (1971). To deny appellants the benefit of their 
grandparent application in this case would, as this court said in Saunders: 

* * * let form triumph over substance, substantially eliminating the right of an applicant to 
retreat to an otherwise patentable species merely because he erroneously thought he was first 
with the genus when he filed. 

The board cited as "controlling" the decisions of this court in In re Welstead, 59 CCPA 1 105, 463 F.2d 
1 110, 174 USPO 449 (1972): In re Lukach, 58 CCPA 1233, 442 F.2d 967, 169 USPO 795 (1971): and 
In re Smith, 59 CCPA 1025, 458 F.2d 1389, 173 USPO 679 (1972). Those decisions, because of 
important factual distinctions, are not controlling. 

In Welstead the applicant was attempting to introduce into his claims a new subgenus where "* * * the 
specification * * * contained neither a description * * * of the [subgenus] * * * nor descriptions of the 
species thereof amounting in the aggregate to the same thing * * Welstead conceded the absence 
from his disclosure of compounds of the "second type" within the new subgenus. Welstead is thus 
clearly distinguishable from the present case, in which appellants* grandparent application contains a 
broad and complete generic disclosure, coupled with extensive examples fiiUy supportive of the limited 
genus now claimed. Indeed, Welstead might have well been cited by the board in support of a decision 
contrary to that reached, in view of what this court there impUed concerning the possibility that 
"descriptions of species amounting in the aggregate to the same thing" may satisfy the description 
requirements of 35 USC 112, paragraph one. 

Similarly, in Lukach we noted that "* * * the grandparent application here does not disclose any defined 
genus of which the presently claimed copolymers are a subgenus." That is not the fact here. Appellants' 
grandparent application clearly describes the genus and the two special classes of polymer materials 
excluded therefrom. 

In Smith the applicant sought the benefit of his prior application for a broadened generic claim, 
replacing the claim limitation "at least 12 carbon atoms * * *" with a new limitation calling specifically 
for 8 to 36 carbon atoms, where there was no disclosure of either the range itself or of a sufficient 
number of species to establish entitlement to the claimed range. Appellants, in contrast to the applicant 
in Smith, are narrowing their claims, and the fiill scope of the limited genus now claimed is supported in 
appellants' earlier application, generically and by specific examples. 

[10] The notion that one who fully discloses, and teaches those skilled in the art how to make and use, a 
genus and numerous species therewithin, has somehow failed to disclose, and teach those skilled in the 
art how to make and use, that genus minus two of those species, and has thus failed to satisfy the 
requirements of §112, first paragraph, appears to resuU from a hypertechnical application of legahstic 
prose relating to that provision of the statute. All that happened here is that appellants narrowed their 
claims to avoid having them read on a lost interference count. 

[ll]The board indicated that "it is manifestly immaterial" why appellants limited their claims. Though it 
is true that insufficiency under §112 could not be cured by citing the causes for such insufficiency, it is 
not true that the factual context out of which the question under §112 arises is immaterial Quite the 
contrary. Here, as we hold on the facts of this case, the "vmtten description" in the 1963 specification 
supported the claims in the absence of the limitation, and that specification, having described the whole, 
necessarily described the part remaining. The facts of the prosecution are properly presented and relied 
on, under these circumstances, to indicate that appellants are merely excising the invention of another, to 
which they are not entitled, and are not creating an "artificial subgenus" or claiming "new matter." ' , 
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- In summary, and for the reasons discussed, the rejections of claims 64 and 68-72 under §112, first and 
second paragraphs, are reversed; appellants* 1963 disclosure satisfied §112, first paragraph, with respect 
to claims 1-9, 64, and 68-70 and appellants are, therefore, entitled to the benefit of their 1963 filing date 
under 35 USC 120. The Netherlands patent is thus rendered unavailable as a prior art reference, and the 
rejection of the claims under 35 USC 102 or 103 is reversed. 

Footnotes 

Footnote 1. Claims 10-54 and 65-67 stand allowed, A petition for reconsideration was denied by the board. 
Footnote 2. The - O - linkages in the general formula are called ether linkages. 

Footnote 3. A dihydric phenol is a type of aromatic organic compound in which two hydroxy (-0H) groups are attached 
directly to a benzene ring. 

Footnote 4. A n electron withdrawing group is a substituent which withdraws electrons from the aromatic ring to which it is 
attached. 

Footnote 5. An aromatic ring bearing substituents on adjacent carbon atoms is called ortho substituted. 

Footnote 6. An aromatic ring bearing substituents on opposite carbon atoms is called para substituted. 

Footnote 7. A ppellants' brief specifically refers to one of the publications cited (Chem. Rev., 53, 222 [1953]) and states that 
its author (Jaffe) defines the sigma ai value as a "special substituent constant" for the "Hammett equation" which is an 
empirically derived formula intended to show a general quantitative relation between the nature of a given substituent and the 
reactivity of a side chain. Thus, sigma a2values are based on experimental data and they measure the "activation energy" of a 
given substituent (electron withdrawing group). 

Footnote 8. T he -SO 2- linking group m species [1] is called a sulfone group. 
Footnote 9. The -CO- linking group in species [2] is called a carbonyl group. 
Footnote 10. Interference No. 95,807, declared February 17, 1967. 

Footnote 11. A nother party did appeal. See Vogel v. Jones, 486 F.2d 1068, 179 USPO 425 (CCPA 1973). 

Footnote 12. The provisos actually exclude more than species [1] and [2]. For example, polymers similar to species [1] and 
[2] but having substituted ring structures are also excluded. 

Footnote 13. $120. Benefit of earlier filing date in the United States. 

An application for patent for an invention disclosed in the manner provided by the first paragraph of 
section 112 of this title in an application previously filed in the United States by the same inventor shall 
have the same effect, as to such invention, as though filed on the date of the prior application, if filed 
before the patenting or abandormient of or termination of proceedings on the first application or on an 
application similarly entitled to the benefit of the filing date of the first application and if it contains or is 
amended to contain a specific reference to the earlier filed application. [Emphasis added.] 
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Footnote 14. 

§112. Specification. 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same, and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. [Emphasis added.] 

Footnote 15. 

§112. Specification. 
* * * 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Footnote 16. 

Claims 68-70 are product-by-process claims. 

Footnote 17. We do not speculate on whether or not the claim would be unduly broad if the questioned limitation were 
removed. But undue breadth is not indefmiteness. In re Borkowski, 57 CCPA 946, 422 F.2d 904, 164 USPO 642 (1970). This 
claim is definite either with or without the phrase "to activate a halogen atom." 

Footnote 18. In re Merat, 519 F.2d 1390, 186 USPO 471 (CCPA 1975), cited by the Solicitor, affimied a §1 12, second 
paragraph, rejection because the same word ("normal") was used in the claims in one sense and in the specification in a 
different sense, thus rendering the claims indefinite. There is nothing akin to the Merat situation here. 

Footnote 19. Appellants have not argued the claims separately, thus, claims 2-9, 64, and 68-70 stand or fall with claim 1. 

Footnote 20. A ppellants refer to the subject matter recited in claim 1 as a "limited genus." The board called it an "artificial 
subgenus." We use appellants' terminology. Whatever the label, the issue is the same. 

Dissenting Opinion Text 

Dissent By: 

Lane, Judge, dissenting in part, 

I would affirm the rejection of claims 64 and 68-72 under §112, paragraphs 1 and 2, because the 
specification indicates that a 
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minimum sigma value of +0.7 is an essential requisite. These claims fail to recite this requisite, thus fail 
to define appellants' invention and are broader than the disclosure. I concur in reversing the rejection of 
claims 1-9. 
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- End of Case - 
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Purdue Pharma L.P. v. Paulding Inc., 56 USPQ2d 1481 (CA FC 2000) 



Purdue Pharma L.P. v. Paulding Inc., 56 USPQ2d 1481 (CA FC 2000) 

56 USPQ2D 1481 
Purdue Pharma L.P. v. Faulding Inc. 

U.S. Court of Appeals Federal Circuit 

Nos. 99-1416,-1433 
Decided October 25, 2000 

Headnotes 

PATENTS 

[1] PatentabilityA^alidity — Obviousness — References and claims as whole (§115.0904) 
PatentabilityA^alidity — Specification — Written description ( §115.1103) 

Limitation in patent for sustained release, oral morphine drug formulation, which requires "a maximum 
plasma concentration . . . which is more than twice the plasma level of said opioid at about 24 hours 
administration of the dosage form," was not adequately described in disclosure of application as 
originally filed, since language describing invention as not having "generally flat" or "substantially 
flat"morphine plasma concentration curve refers to rapid opioid release feature recited in original 
claims, not to limitation in question, and person of ordinary skill in art would not understand that 
language to denote concentration profile required by limitation in any event, and since examples set 
forth in patent do not emphasize ratio claimed in limitation, or direct one of ordinary skill in art to that 
ratio as important aspect of invention; general disclosure of genus of compoxmds does not support claim 
directed to single compound, and patentees cannot pick characteristic possessed by two of their 
formulations and then make it basis of claims that cover any formulation having that characteristic. 

[2] PatentabilityA^alidity — Specification — Written description ( §115.1103) 

Federal district court did not commit errors of law in finding that claims of patent for sustained release, 
oral morphine drug formulation are unsupported by adequate written description, since court noted that 
it was compelled to consider all examples in patent collectively, given that specification did not state 
whether any particular examples pertained to invention of asserted claims, but court did not improperly 
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insist that examples identify exactly what constitutes invention and what does not, since court viewed 
disclosure as whole in concluding that specification did not support asserted claims, and since court did 
not improperly look to written description, rather than amended claims, to define invention. 

[3] PatentabilityA^alidity — Specification — Written description (§115,1103) 

JUDICIAL PRACTICE AND PROCEDURE 

Procedure — Judicial review — Standard of review — Patents (§410>4607.09) 

Federal district court, in finding that asserted claims are unsupported by adequate written description, 
did not err by failing to defer to patent examiner's statement that claims at issue "are supported by the 
specs," since court understood that question of compliance with written description requirement is one 
of fact, and since court did not find examiner's statement persuasive in light of all evidence in case; 
district court was not required to sustain examiner's decision as long as it was supported by substantial 
evidence, since that standard of review has no apphcation in infiingement action that originated in 
district court, although patentability decision of U.S. Patent and Trademark Office is accorded deference 
in district court litigation. 

Particular patents — Chemical — Pain relief 

5,672,360, Sackler, Kaiko, and Goldenheim, method for treating pain by administering 24 hour oral 
opioid formulations, judgment of invalidity affirmed. 

Case History and Disposition 

Appeal fi"om the U.S. District Court for the District of Delaware, Faman, C.J. 

Action by Purdue Pharma L.P. and Purdue Frederick Co. against Faulding Inc., Faulding Pharmaceutical 
Co., Faulding Services Inc., and Purepac Pharmaceutical Co. for patent infi-ingement. Following bench 
trial, federal district court found that defendants had infiinged asserted claims but that claims were 
invalid, and parties cross-appealed. Judgment affirmed as to finding of invalidity. 

Attorneys: 

S. LesHe Misrock and Victor N. Balancia, of Pennie &Edmonds, New York, N.Y.; Todd A. Wagner and 
Stanton T. Lawrence III, of 
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Pennie & Edmonds, Washington, D.C., for plaintiffs-appellants. 

Steven J. Lee, Paul H. Heller, Edward J. Handler III, Charles A. Weiss, William G. James II, and Mark 
I. Koffsky, of Kenyon &Kenyon, New York; E. Brendan Magrab, of Faulding Inc., EUzabeth, N.J.; Jack 
B. Blumenfeld and Karen Jacobs Louden, of Morris, Nichols, Arsht & Tunnell, Wihnington, Del, for 
defendants-cross appellants. 

Judge: 

Before Plager, circuit judge, Smith, senior circuit judge, and Bryson, circuit judge. 

Opinion Text 
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Opinion By: 

Bryson, J. 

Purdue Pharma L.P. and The Purdue Frederick Company (collectively Purdue) own U.S. Patent No. 
5,672,360 (the '360 patent), which is drawn to methods of treating pain in patients by administering an 
opioid, such as morphine, once a day. Purdue brought a patent infringement suit against Paulding Inc., 
Paulding Pharmaceutical Co., Paulding Services, Inc., and Purepac Pharmaceutical Co. (collectively 
Paulding) in the United States District Court for the District of Delaware. After a bench trial, the district 
court found that Paulding had infringed the asserted claims of the '360 patent but that the claims were 
invalid. Purdue appeals from the finding of invalidity, and Paulding cross-appeals from the finding of 
infiingement. We uphold the court's ruling invalidating the asserted claims of the 360 patent; we do not 
reach Paulding's cross-appeal on the issue of infiingement. 

I 

In 1984 Purdue introduced a sustained-release, twice-a-day oral morphine formulation. Sustained- 
release formulations represent a significant advance over immediate-release morphine formulations 
because immediate-release formulations need to be administered every four hours, a schedule that 
interferes with the patient's sleep and subjects the patient to cycles of pain that are difficult to control. 

After its success with its twice-a-day formulation, Purdue sought to develop a sustained-release oral 
morphine formulation that would need to be administered only once a day. The work of its researchers 
initially led to the issuance of U.S. Patent No. 5,478,577 (the '577 patent), which discloses a once-a-day 
formulation exhibiting a rapid initial rise in the opioid concentration in the patient's blood. 

During the same period, Paulding was developing long-lasting opioid anti-pain formulations as well In 
1996, Paulding began marketing its oral sustained-release morphine formulation in the United States 
imder the trade name Kadian. The package insert accompanying Kadian states that it may be 
administered either once or twice a day. 

Shortly after Paulding began selling Kadian in this country, Purdue brought suit against Paulding and 
Zeneca Inc., alleging that the manufacture, sale, and use of Kadian as a once-a-day morphine 
formulation infiinged the '577 patent. At the time the suit was filed, the inventors of the '577 patent had 
pending before the Patent and Trademark Office U.S. Patent Application Serial No. 08/578,688 (the '688 
application), which claimed priority to the application that led to the '577 patent. 

While the litigation over the '577 patent was pending, Purdue's counsel canceled the pending claims of 
the '688 application and amended the application to add all new claims. The application was allowed as 
amended, and it issued as the '360 patent on September 30, 1997. No art rejections were made against 
the issued claims. The only prosecution history is contained in a handwritten interview summary in 
which the examiner stated that the "new claims are supported by the specs." 

Purdue asserts that the once-a-day formulation described in the treatment method of the '360 patent, 
which results in a substantial fluctuation in the opioid concentration in the patient's blood between the 
maximum concentration level and the concentration level at the end of the 24-hour dosage period, was 
contrary to the prevaihng view at the time that sustained-release formulations should produce minimal 
fluctuations in the opioid concentration level during the dosing interval. That aspect of the invention is 
reflected in each of the claims of the '360 patent, including claims 2, 4, and 1 1, the three asserted claims 
at issue in this case. Claims 1 and 9, on which the three asserted claims depend, both contain a limitation 
requiring that the maximum plasma concentration of the opioid be more than twice the plasma level of 
the opioid 24 hours after administration of the drug. The pertinent claims of the '360 patent at issue in 
this case read as follows: 
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1. A method of effectively treating pain in humans, comprising orally administering 
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to a himian patient on a once-a-day basis an oral sustained release dosage form containing an opioid 
analgesic or salt thereof which upon administration provides a time to maximum plasma concentration 
(^max) ^^^^ opioid in about 2 to about 10 hours and a maximum plasma concentration (C^^) which 

is more than twice the plasma level of said opioid at about 24 hours after administration of the dosage 
form, and which dosage form provides effective treatment of pain for about 24 hours or more after 
administration to the patient. 

2. The method of claim 1, wherein the T^^^^^occurs in about 2 to about 8 hours after oral administration 
of said dosage form. 

4. The method of claim 1, wherein said opioid analgesic is morphine sulfate. 

I. A method of effectively treating pain in humans, comprising orally administering to a human patient 
on a once-a-day basis an oral sustained release dosage form containing an opioid analgesic or salt 
thereof which at steady-state provides a time to maximum plasma concentration (T^^^) of said opioid in 

about 2 to about 10 hours and a maximum plasma concentration (C^^^) which is more than twice the 

plasma level of said opioid at about 24 hours after administration of the dosage form, and which dosage 
form provides effective treatment of pain for about 24 hours or more after administration to the patient. 

I I . The method of claim 9, wherein said opioid analgesic is morphine sulfate. 

Shortly after the *360 patent issued, Purdue amended the complaint in the pending litigation against 
Faulding and Zeneca by dropping its claims under the *577 patent and asserting infiingement of the 360 
patent. Faulding and Zeneca asserted various counterclaims, including non-infiingement and invalidity, 
and a bench trial was held on Uability. During trial, the district court dismissed the claims against 
Zeneca. Following the trial, the court held that Paulding's production and sale of Kadian infiinged the 
asserted claims of the '360 patent, but that the claims were invalid because they lacked the written 
description required by 35 U.S.C. § 1 12, first paragraph. The court then entered final judgment on the 
tried issues under Fed. R. Civ. P. 54(b). 

II 

The validity issue in this case is whether the limitation "a maximum plasma concentration (C^^ which 
is more than twice the plasma level of said opioid at about 24 hours after administration of the dosage 
form [C24]" was adequately described in the disclosure of the '688 application as originally filed. The 
trial court found that it was not. 

In order to satisfy the written description requirement, the disclosure as originally filed does not have to 
provide in haec verba support for the claimed subject matter at issue. See Fujikawa v. Wattanasin, 93 F.3d 
1559, 1570, 39USP02d 1895. 1904 rFed. Cir. 1996). Nonetheless, the disclosure "must ... convey with 
reasonable clarity to those skilled in the art that ... [the inventor] was in possession of the invention." 
Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563-64, 19USP02dlllL Un rPed. Cir. 1991). Put another 
way, one skilled in the art, reading the original disclosure, must "immediately discern the limitation at 
issue"in the claims. Waldemar Link GmbH& Co. v. Osteonics Corp., 32 F.3d 556, 558, 31 UPSQ2d 1855, 1857 
(Fed. Cir. 1994). That inquiry is a factual one and must be assessed on a case-by-case basis. See Vas-Cath, 
935 F.2d at 1561, 19 USPQ2d at 1 1 16 ("Precisely how close the original description must come to 
comply with the description requirement of § 1 12 must be determined on a case-by-case basis."). When 
the question whether a patent satisfies the vmtten description requirement is resolved by a district court 
sitting as the trier of fact, we review the court's decision for clear error. See Tronzo v. Biomet, Inc., 156 F.3d 
1 154, 1 158, 47 USP02d 1829, 1832 (Fed. Cir. 1998); Gentry Gallery^ Inc. V. Berkline Corp., 134 F.3d 1473, 
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1479, 45 USP02d 1498. 1502 fFed. Cir. 1998). 

Purdue contends that the district court made various legal errors in its analysis of the written description 
issue and that its factual finding on that issue was clearly erroneous. Turning first to the district court's 
factual analysis, we conclude that the court's fmding on the written description issue did not constitute 
clear error. 

Page 1484 



A 

The district court found that the specification of the '360 patent fails to convey that the Cj^^/C24 

limitation was encompassed within Purdue's original invention. Purdue attacks that finding on several 
fi-onts, but its arguments are unpersuasive. 

1 



[1] Purdue first argues that the Cj^^/C24 limitation is supported by the portion of the specification that 

describes the invention as not having a "generally flafor "substantially flat" morphine plasma 
concentration curve. The passage of the specification on which Purdue relies reads as follows: 
The state-of-the-art approach to controlled release opioid therapy is to provide formulations which 
exhibit zero order pharmacokinetics and have minimal peak to trough fluctuation in opioid levels with 
repeated dosing. This zero order release provides very slow opioid absorption, and a generally flat serum 
concentration curve over time. A flat serum concentration curve is generally considered to be 
advantageous because it would in effect mimic a steady-state level where efficacy is provided but side 
effects common to opioid analgesics are minimized. ... 

It has now been surprisingly discovered that quicker and greater analgesic efficacy is achieved by 24 
hour oral opioid formulations which do not exhibit a substantially flat serum Concentration curve, but 
which instead provide a more rapid initial opioid release so that the minimum effective analgesic 
concentration can be more quickly approached in many patients who have measurable if not significant 
pain at the time of dosing. ... Also surprising and imexpected is the fact that while the methods of the 
present invention achieve quicker and greater analgesic efficacy, there is not a significantly greater 
incidence in side effects which would normally be expected as higher peak plasma concentrations 
occur. '360 patent, col. 5, 11. 24-55. The district court disagreed with Purdue's argument that the phrase 
"formulations which do not exhibit a substantially flat serum Concentration curve" refers to the 
^max^^24 ^^^^^ more than two that was added in the amended claims. Instead, the court concluded 
that the term refers to the feature of rapid opioid release that was recited in the original claims of the 
application and was described in the specification as "critical" to the invention. The court's finding is 
supported by the context in which the statement appears, and it is consistent with the claims as originally 
filed, which defined the formulation as providing "an initially rapid rise ... by providing an absorption 
half-Ufe [i.e., the time required for one-half of the absorbable opioid to be absorbed into the plasma] 
fi*om about 1 to 8 hours." 

In addition to finding that the "substantially flat" language in the specification did not refer to the 
^max^^24 lin^it^ti^i^^ the trial court found that even if that language were imderstood to relate to the 
fluctuation in opioid concentration in the blood between the maximum concentration level and the 
concentration level after 24 hours, one skilled in the art would not understand the term "substantially 
flat"to mean a fluctuation of 100% or less. 
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At trial, Purdue offered expert testimony that the term "flat" is understood in the field to mean a 
fluctuation of 100% or less in the concentration of opioid between the maximum level and the level after 
24 hours, /.e., a C^JCj^ ratio of two or less. The court, however, was unpersuaded. As the court 

explained, one of Purdue's experts, Dr. Goldenheim, described another sustained-release morphine 
formulation, Roxanol SR, as having a "flat" serum concentration curve, even though he acknowledged 
that it has a fluctuation of over 100%. In addition, the court found that the publications relied upon by 
Purdue did not substantiate Purdue's assertion that "flat" means fluctuations of 100% or less. Moreover, 
the court stated that even if it accepted Purdue's argument that "flat" means a fluctuation of 100% or 
less, "the use of the modifier 'substantially' in the specification, indicates that the word 'flat' as used in 
the '360 patent specification, does not even refer to the precise quantification urged by Purdue." 

One of the publications Purdue relied on at trial was International Publication Number WO 94/22431, 
on which Kabi Pharmacia AB was the applicant. The Kabi application provides pharmacokinetic 
profiles for two different morphine formulations, CR-A and CR-B. The trial court found that for the CR- 
A formulation the C^^^ level was more than twice as great as the C24level, and that for the CR-B 
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formulation the C^^^ level was less than twice as great as the level. Nonetheless, the Kabi 

application described both formulations as having "low" fluctuations. The court therefore found that the 
Kabi application "fails to support Purdue's contention that one skilled in the art understands 'flat' to 
mean fluctuations of less than 100%." 

Purdue argues that Kabi's CR-A is a twice-a-day formulation and that the court's reliance on that 
formulation was therefore misplaced. As noted by Paulding, however, the data in the Kabi application 
was based on the administration of a single dose of morphine. For that reason, the court was not 
mistaken in relying on the description of the Cjj^^/C24 ratio for the CR-A formulation in concluding that 
the Kabi application fails to support Purdue's argument that one skilled in the art would interpret 
"substantially flat" to mean a Cj^^/C24 ratio of two or less. 

Purdue also argues that the trial court was confused with respect to Dr. Goldenheim's testimony 
regarding Roxanol SR, which Dr. Goldenheim characterized as having a flat profile. Purdue argues that 
Roxanol SR is approved only as an eight-hour formulation and that the C^^^/Cgratio of Roxanol SR is 

less than 2. On cross-examination, however, Dr. Goldenheim was asked to calculate a C /Cnratio for 

max Iz 

Roxanol SR fi"om an article containing pharmacokinetic studies of the drug. From the data presented in 
the paper, Dr. Goldenheim determined that the C^^/C^2 ^^^io for Roxanol SR is greater than two, and 
he characterized that C^JC^2 ^^^^^ "pretty flat." 

That evidence is meaningless, Purdue asserts, because Roxanol is not described as being approved for 
twice-a-day administration. Dr. Goldenheim's testimony on cross-examination, however, related to the 
morphine concentration in the Roxanol SR formulation after 12 hours, and the district court reasonably 
interpreted Dr. Goldenheim's testimony as a concession that a C^^^/C j2 ratio greater than two would 

still be considered "flat."From that evidence, the district court permissibly concluded that a person 
skilled in the art would not necessarily interpret the term "flat"to be limited to a concentration level ratio 
less than or equal to two. 

Finally, Purdue asserts that the trial court erroneously failed to consider the teachings of the Morella 
patents. Those patents, Purdue contends, establish that by 1993 it was xmderstood in the field that a flat 
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pharmacokinetic profile constituted a profile having fluctuations of 100% or less. For example, Purdue 
argues, U.S. Patent No. 5,202,128, to Morella et al. states that an advantage of the morphine 
formulations of the invention is that the peak-to-trough variation will be between 60% and 100%, which 
has been described as a "flat plasma morphine concentration time profile." Purdue, however, does not 
point to anything in the Morella patents that suggests that if the peak-to-trough variation is greater than 
100%, the concentration profile would not be considered flat. The Morella patents therefore do not in 
any way undermine the district court's finding that a person of ordinary skill in the art would not 
imderstand the term "substantially flat" to denote a Cj^^/C24 ratio of two or less. 

2 

Purdue argues that even if the passage fi"om the specification referring to the "substantially flat serum 
Concentration curve" does not provide the required written description for the C^JC2^ ratio recited in 

the claims, the examples set forth in the patent provide adequate support for that limitation. Purdue relies 
on Example 1 (fed and fasted) and Example 3 (fed only) to support the claimed limitation, as the 
morphine formulation in both examples resulted in a Cj^^/C24ratio greater than two. 

The district court rejected Purdue's argument, pointing out that the specification also contains examples 
in which the C^JC2^ ratio is less than two and that nothing in the specification indicates to the skilled 

artisan which examples embody the claimed invention and which do not. We conclude that the district 
court did not commit clear error in finding that the examples do not provide sufficient support for the 
Cmax/C24 limitation. 

The specification sets forth seven examples. Values for C^^^^^and are provided for only the first 

three. Other pharmacokinetic data are provided as well, and morphine concentrations are provided for 
times other than 24 hours after administration of the drug. Although the examples provide the data fi-om 
which one can piece together the C^JCj^ limitation, neither the text accompanying the examples, nor 

the data, nor anything else in the specification in any way emphasizes the C^^JC^. ratio. The district 
court therefore reasonably concluded that one of ordinary 
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skill in the art would not be directed to the Cj^^/C24 ratio as an aspect of the invention. 

The case of /« re Ruschig, 379 F.2d 990, 154USPO 118 (CCPA 1967), is instructive here. In that case 
our predecessor court affirmed the holding of the Patent Office Board of Appeals that one of the claims, 
adopted for purposes of interference, was not supported by the disclosure. The claim at issue in that case 
was directed to a single compound. The applicants argued that, although the compound itself was not 
disclosed, one skilled in the art would find support for the claimed compoxmd in the general disclosure 
of the genus of compounds to which the claimed compound belonged. The Ruschig court rejected that 
argument, stating that 

[i]t is an old custom in the woods to mark trails by making blaze marks on the trees. It is of no help in 
finding a trail or in finding one's way through the woods where the trails have disappeared — or have not 
yet been made, which is more like the case here — ^to be confi-onted simply by a large number of 
unmarked trees. We are looking for blaze marks which single out particular trees. We see none. Id, at 
994-95, 154 USPQ at 122. Although this case differs fi-om Ruschig in that what was disclosed in Ruschig 
was a genus encompassing potentially half a million compounds, the rationale applies equally to this 
case, in which the disclosure of the *360 patent discloses a multitude of pharmacokinetic parameters, 
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with no "blaze marks" directing the skilled artisan to the C^^/Cj^ ratio or what value that ratio should 

exceed. See id. at 994, 154 USPQ at 122 ("Specific claims to single compounds require reasonably 
specific supporting disclosure and while we agree with the appellants, as the board did, that naming is 
not essential, something more than the disclosure of a class of 1000, or 100, or even 48, compounds is 
required."). As Ruschigimkcs clear, one cannot disclose a forest in the original application, and then later 
pick a tree out of the forest and say "here is my invention."In order to satisfy the written description 
requirement, the blaze marks directing the skilled artisan to that tree must be in the originally filed 
disclosure. See id. at 994-95, 154 USPQ at 122; Fujikawa, 93 F.3d at 1570-71, 39 USPQ2d at 1905; Martin 
V. Mayer, 823 F.2d 500, 505, 3 USP02d 1333. 1337 (Ted. Cir. 1987) ("It is ^not a question of whether one 
skilled in the art might be able to construct the patentee's device fi'om the teachings of the disclosure. ... 
Rather, it is a question whether the application necessarily discloses that particular device.'") (quoting 
Jepson V. Coleman, 314 F.2d 533, 536, 136 USPQ 647, 649-50 (CCPA 1963)). Under that standard, we 
conclude that the district court did not commit clear error in finding that nothing in the *688 application 
"'necessarily* ...described the later claimed subject matter" of the '360 patent. In re Daniels, 144 F.3d 
1452, 1456, 46 USP02d 1788. 1790 fFed. Cir. 1998). 

In the case of the '360 patent, there is nothing in the written description of Examples 1 and 3 that would 
suggest to one skilled in the art that the Cj^^/C24 ratio is an important defining quality of the 

formulation, nor does the disclosure even motivate one to calculate the ratio. For example, the 
description of Example 1 states that 

[p]lasma morphine concentrations were used for calculation of phamacokinetic parameters including: (a) 
absorption and elimination rates; (b) area under the curve (AUC); (c) maximum plasma concentration 
(^max)' ^^^^ maximum plasma concentration [(]Tj^^); (e) (elimination). '360 patent, col. 16, 
11. 24-29. Figure 9 of the patent graphically represents the mean morphine plasma concentration-time 
profile for Examples 1 and 2, as well as for the control formulation, MS-Contin. In discussing Figure 9, 
the disclosure merely states that "it can be seen that the formulation of Example 1 attains a higher and 
earlier C^^^ but a slightly lower extent of morphine absorption than the formulation of Example 2." Id, 

at col. 21, 11. 8-11. 

These statements and the calculation of the listed pharmacokinetic parameters are consistent with how 
the inventors characterize the invention, as the specification states earlier that "inventive sustained 
release once-a-day formulations may be characterized by the fact that they are designed to provide an 
initially rapid rate of rise in the plasma concentration of said opioid characterized by providing an 
absorption half-hfe fi-om about 1 to about 8 hours," '360 patent, col 6, 11. 1-5, and also that "the 
inventive formulations may be further characterized by having a surprisingly fast time to peak drug 
concentration (te,, t^^^)," id. at col. 6, 11. 10-12. As can be seen fi*om these excerpts fi"om the 
specification, however, there is nothing in the written disclosure 
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as originally filed directing the skilled artisan to the C^JC2^ ratio. 

What the '360 patentees have done is to pick a characteristic possessed by two of their formulations, a 
characteristic ttiat is not discussed even in passing in the disclosure, and then make it the basis of claims 
that cover not just those two formulations, but any formulation that has that characteristic. This is 
exactly the type of overreaching the written description requirement was designed to guard against. See 
Vas-Cath, 935 F.2d at 1561, 19 USPQ2d at 1 1 15 ("Adequate description of the invention guards against 
the inventor's overreaching by insisting that he recount his invention in such detail that his future claims 
can be determined to be encompassed within his original creation.") (quoting Rengo Co. v. MolinsMach. Co., 
657 F.2d 535, 551, 211 USPQ 303. 32U 3d Cir. 1981)). 
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3 

Purdue characterizes this case as one in which, at bottom, the appHcants claimed less than they 
disclosed. Using the data from Examples 1 and 3, the skilled artisan can establish a range for the 
^max^^24 ^^^^^ of 1.28 to 3.43. Thus, according to Purdue, the claim limitation requiring Cj^^/C24 to be 
greater than two is narrower than the range disclosed in the specification. Purdue asserts that it did not 
consider claims in which the C^^/C2^ ratio was less than two to be patentable in light of the prior art, 

and that its willingness to settle for claims narrower than the invention it disclosed does not create a 
written description problem. 

Because the specification does not clearly disclose to the skilled artisan that the inventors of the *360 
patent considered the C^JC2^ ratio to be part of their invention, it is immaterial what range for the 

^niax^^24 ^^^^^ gleaned from the examples when read in light of the claims. There is therefore no 
force to Purdue's argument that the written description requirement was satisfied because the disclosure 
revealed a broad invention from which the claims carved out a patentable portion. 

B 

Apart from the asserted factual flaws in the district court's analysis, Purdue contends that the trial court 
committed several errors of law that affected the court's analysis of the written description issue and 
require reversal. We have examined each of the claimed legal errors and conclude that the district court 
did not commit any error of law that had a material effect on the coxxrt's judgment. 

1 

[2] First, Purdue argues that the district court applied the wrong legal test for determining whether the 
written description requirement was satisfied. Purdue acknowledges that the district court recited the 
correct test, as set forth in this court's decision in the Vas-Cath case, supra^ but argues that the court 
actually applied a different test — one that was specifically rejected in Vas-Cath, In particular, Purdue 
relies on a statement in the district court's opinion in which the court commented tiiat "viewing the 
examples collectively, as the Court believes must be done because there is no way to determine which 
embody the invention and which do not, the examples illustrate a range between 1 .48 and 3.43." That 
comment, according to Purdue, shows that the district court required the specification to set forth what 
the invention is and what it is not, which is not the correct test under the written description requirement. 

Purdue has misinterpreted the quoted passage from the district court's opinion. The court did not insist 
that the examples identify exactly what constitutes the claimed invention and what does not; instead, the 
court simply noted that it had to view all of the examples collectively because the specification did not 
state that any particular examples pertained to the invention that was recited in the amended claims. 
Under the circumstances, it was entirely appropriate for the district court to view all of the examples 
together in its effort to determine whether tiie disclosure as filed contained a sufficient written 
description of the invention; indeed, that approach was necessary in order for the court to determine that 
the inventor "had possession at that time of the later claimed subject matter." Vas-Cath, 935 F.2d at 1563 
19USPQ2dat 1116. 

Purdue makes the related contention that the district court did not view the disclosure as a whole in 
determining whether the written description requirement was satisfied. Again, we read the district court's 
opinion differently. Although the district court discussed the examples and the text of the specification 
separately, it is clear from the court's opinion that it concluded that the specification as a whole did not 
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support the asserted claims of the '360 

Page 1488 

patent; there is nothing in the court's opinion suggesting that the court considered that any one segment 
of the specification, standing alone, had to provide the full support for the amended claims. 

2 

Purdue next argues that the district court committed legal error by looking to the written description 
portion of the patent, rather than the claims, to define the invention for purposes of the written 
description analysis. The district court made no error in this regard. The court noted that it "must 
necessarily look to the claim language to determine if the specification supports what is now claimed," 
and it further explained that it could not consider the amended claims themselves, which did not appear 
in the application as filed, "to show that at the time of filing the inventor was in possession of what is 
now claimed." We interpret those remarks as simply articulating the correct legal principles that the 
amended claims define the invention, that the support for the invention must be found in the 
specification as filed, and that the amended claims could not be used to provide that support. 

3 

Finally, Purdue contends that the district court improperly disregarded the findings of the examiner, who 
stated in an interview summary at the time the amended claims were added to the application that the 
new claims "are supported by the specs." Purdue argues that the district court should have deferred to 
the examiner's finding on that issue and that the district court failed to do so because the court 
improperly regarded the written description issue to be an issue of law rather than an issue of fact. 

[3] It is true that the district court at one point in its opinion characterized validity as an issue of law. 
Notwithstanding that isolated statement, the court's lengthy and thorough opinion makes it abundantly 
clear that the court understood that the question whether the written description requirement was 
satisfied is a question of fact. Moreover, the district court expressly addressed the examiner's statement 
on which Purdue relies and found it insufficient on the merits to carry the day for Purdue. The court 
explained that it did not regard the examiner's cryptic statement as directly applicable to the written 
description requirement but added that even if the examiner's statement was directed to the written 
description requirement, "any deference due to the Patent Examiner has been overcome by Paulding's 
clear and convincing evidence that the specification does not support the asserted claims of the '360 
Patent." Thus, the court rejected the examiner's statement on which Purdue relies not because of a 
misconception about the nature of the issue before it, but because the court did not find the examiner's 
statement persuasive in light of all the evidence in the case. 

Relying on the Supreme Court's decision in Dickinson v. Zurko, 527 U.S. 150, 50USPO2d 1930 (1999), 
Purdue makes the related argiunent that the district court should have sustained the examiner's decision 
on the written description issue as long as it was supported by substantial evidence. The short answer to 
that argument is that this was an infringement action that originated in the district court, not an appeal 
fi"om a decision of the Patent and Trademark Office Board of Appeals and hiterferences, which was at 
issue in Zurko. The Administrative Procedure Act standard of review adopted in Zurko therefore has no 
application here. To be sure, as we have noted, the decision of the Patent and Trademark Office with 
respect to patentability is accorded deference in district court Htigation, deference that takes the form of 
the presumption of validity that is accorded to issued patents under 35 U.S.C, § 282. See Fromson v. 
Advance Offset Plate, Inc., 755 F.2d 1549, 1555, 225 USPO 26.31 (Fed. Cir. 1985). The court, however, 
was not bound by the examiner's fmding in the ex parte application proceeding that the new claims were 
supported by the specification, particularly in light of the fact that the court heard extensive evidence on 
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the issue in an adversary hearing, none of which was before the patent examiner. 

Ill 

Because we have upheld the district court's determination that the asserted claims of the '360 patent are 
invalid, it is unnecessary to address Paulding's cross-appeal from the district court's finding of 
infi-ingement. 

AFFIRMED. 



-End of Case - 
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Headnotes 

PATENTS 

JLPatentability — Invention — Speciflc cases - Chemical (§ 51.5093) 
Utility (§ 51.75) 

Rejection for obviousness, of claims in application for catalyst, is reversed, in view of evidence 
demonstrating that one reference relied upon requires sulfur and that remaining references relied upon 
do not strongly motivate one skilled in art to eliminate such sulfur-containing compound or to expect 
advantageous result from doing so, but rejection is affirmed on basis of lack of enablement and lack of 
description, since negative limitations recited in claims, which did not appear in specification as filed, 
introduce new concepts and violate description requirement of 35 USC 112. 

Particular patents — Catalysts 

Grasselli, Suresh, and Miller, application, Ammoxidation of Propane of Isobutane, rejection of claims 1- 
6 affirmed. 



Case History and Disposition: 

Appeal from Art Unit 121. 

Application for patent of Robert K. Grasselli, Dev D. Suresh, and Robert C. Miller, Serial No, 260,140, 
filed May 4, 1981, Continuation of Serial No. 148,185, filed May 7, 1980, Continuation of Serial No. 
783,999, filed April 4, 1977, Continuation of Serial No. 364,250, filed May 20, 1973. From decision 
rejecting claims 1-6, applicant appeals. Affirmed. 

[Ed. Note: This decision was affirmed by the U.S. Court of Appeals for the Federal Circuit in an 
unpublished memorandum opinion, 738 F.2d (1984) ]. 
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iVttorneys: 

IE. Miller, Jr., et al., for appellants. 

Joseph P, Brust, Primary Examiner, for Patent and Trademark Office. 
Judge: 

Before Blech, Goldstein, and Seidleck, Examiners-in-Chief 

Opinion Text 

Opinion By: 

Goldstein, Examiner-in-Chief. 

Page 394 



This appeal is from the examiner*s final rejection of claims 1 through 6. There are no allowed claims. 
Illustrative claim 1 is reproduced below. 

i. In the process for the ammoxidation of propane or isobutane to obtain acyrlonitrile or 
methacrylonitrile by contacting a mixture of propane or isobutane, ammonia and molecular oxygen at a 
temperature of about 350^C, to about 650^C with an oxidation catalyst in the absence of sulfur and 
halogen, the improvement comprising using as the oxidation catalyst a catalyst wherein the atomic ratios 
of the elements are described by the formula 

Graphic material consisting of a chemical formula or diagram set at this point is not available. See text 
in hardcopy or call BNA PLUS at 1-800-452-7773 or 202-452-4323. 

wherein A is phosphorous, boron, Ni, Co, alkali metal, alkaline earth metal or mixture thereof; 

B is iron, vanadium, manganese, chromium or mixture thereof; 

C is molybdenum, tungsten or mixture thereof; and 
wherein a is 0 to about 3; 

b is 0.01 about 10; 

c is 0.1 to about 20; 

d is 0.1 to about 10; and 

X is the number of oxygens required to satisfy the valence requirements of the other elements 
present, 

said catalyst being free of uranium and the combination of vanadium and phosphorus. 
References relied on by the examiner on appeal are: 

Table set at this point is not available. See table in hard copy or call BNA PLUS at J -800-452-7773 or 
202-452-4323. 
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Claims 1 through 6 have been finally rejected under 35 U.S.C. 103 as being obvious from the combined 
teachings of all the references cited above. We shall not affirm this rejection. 

The reference primarily relied upon by the examiner and that which discloses the most closely related 
catalyst to the one recited in the present claims is Taylor *267, This reference also requires the presence 
of sulfur or a sulfiar-containing compound. Although the remaining references deal with somewhat 
similar catalysts and generally do not require the presence of a sulfur-containing compound, they would 
not strongly motivate one of ordinary skill in the relevant art to eliminate the sulfur from the Taylor *267 
catalyst system. To whatever extent they might do so, they would certainly not lead one of ordinary 
skill in the relevant art to expect an advantageous result to occur. Albeit we agree with the examiner 
that appellants' showing in this regard is not very broad, when combined v^th the lack of motivation in 
the first instance to eliminate sulfur from the Taylor '267 catalyst, we consider it adequate to negate the 
possible existence of a prima facie case of obviousness within the meaning of 35 U.S.C. 103. 

We also note that many of the remaining references required the presence of other elements expressly 
excluded from the present claims, i.e., halogen, uranium or the co-presence of vanadium and 
phosphorus. All of these limitations of the claims must be considered regardless of whether or not they 
were supported by the specification as filed. In re Wilson, 57 CCPA 1029, 424 F.2d 1382, 165 USPO 
494_(1970); In re Miller, 58 CCPA 1 182, 441 F.2d 689, 169 USPO 597 (1971). 

Claims 1 through 6 have been finally rejected under the first paragraph of 35 U.S.C. 1 12 both for lack of 
enablement and lack of description. We shall affirm the rejection based on lack of description in the 
specification as filed. 

The examiner has not explained the basis of the rejection for lack of enablement and we find none 
independentiy. 

Despite appellants* arguments to the contrary, we agree with the examiner's position of record that the 
negative limitations recited in the present claims, which did not appear in the specification as filed, 
introduce new concepts and violate the description requirement of the first paragraph of 35 U,S.C. 1 12. 
In re Anderson, 471 F.2d 1237, 176 USPO 331 (CCPA 1973). The examiner's distinctions between the 
present case and the prior decisions cited by appellants are correct and we adopt his position in that 
regard as our ovm. It might be added that the express exclusion of certain elements implies the 
permissible inclusion of all other elements not so expressly excluded. This clearly illustrates that such 
negative limitations do, in fact, introduce new concepts. 

[1] The decision of the examiner is affirmed. 

AFFIRMED 



-End of Case - 



http://iplaw.bna.coni/cgi-binyom_isapi.dll//ip__uspq.nfo/?clientID=232492364&advquery=... 8/20/2005 



Contact customer relations at: customercare@bna.com or 1-800-372-1033 

ISSN 1526-8535 
Copyright © 2005, The Bureau of National Affairs, Inc. 
CoDvriaht FAQs | Internet Privacy Policy | BNA Accessibility Statement | License 

Reproduction or redistribution, in whole or in part, and In any form, without express written permission, is prohibited 
except as pemiitted by the BNA Copyright Policy. http://www.bna.eom/corp/index.html#V 



http://iplaw.bna.com/cgi-bin/om Jsapi.dll//ip_uspq.nfo/?clientID=232492364^ 



8/20/2005 




Intellectual Property Library 



Contact 8NA | About This Library 



Search 



Grasselti 

First Hit I Next Hit I Previous Hit 



BIlThis Collection 



Select an Advanced Searc 



view Collection 
Search Results 



Clear 
Search 



gSlS^fe^: FULL TEXT OF CASES (USPQ FIRST SERIES) 



http://iplaw.bna.com/cgi-bin/om_isapi.dll//ip_uspq.nfo/?clientID=232492364&advquery=... 8/20/2005 



.{CANCER RESEARCH 3S. 4186-4186, 
000M472/78/003M08OSO2.OD 



1878] 



Uhjque Steroid Congeners for Receptor Studies^ 



Tiiu OJasoo and Jean-Pforre Raynaud^ 

Cmttn dl» R9ctmches Rousset-Udaf 93230 RomainvWe. France 



Abslra^ 

To datermlne tha hormana-dapandance of a tumor, it is 
praforebia to usa highly specifte radiolabalod iigands 
whan avaliabla, sinca oftan mora than ona class of staroid 
hormona racaptor Is prasant In tha tissua spaclman, and 
Intarfaranca from classas othar than tha ona undar study 
cannot ba raao;!y alimlnatad. In this study, wa dascriba a 
simpla In vftro systam usad to daflna tha molaeular ra- 
qulramants for a highly spacHIc intaractlon between a 
staroid and tha racaptor corresponding to a single class 
of hormone. It is based on tha usa of homogenata or 
crude 105,00a x g supernatant prepared from the target 
oigans considered as end points in routine biological 
potency tests and on the use of available radioligands not 
bound by plasma proteins (tags) to single out the recep- 
tors. FOr each receptor singled out In the target organ 
cytoplasm, the ability of over 7ao molecutes to decrease 
bound radioactivity was compared to that of the natural 
hormone (relative binding affinity) with the use of a dex- 
tran-coated charcoal technique to separate bound from 
unbound steroid. On the basis of the results on 81 mole- 
cules, presented In this study, the effect of various sub- 
stituents on the affinity and specificKy of the natural ^lor* 
mones was determined. Molecules Interacting mar^cedly 
with several receptors were submitted to Xnray crysUillog- 
raphy in order to establish whether overlap between the 
various conformations of the natural hormone and of the 
test molecule might not partly account for lack of speci- 
ficity. 

Introductton 

The determination of the hormone-dependence of tumors 
in order to gauge the pertinence of endocrine therapy Is 
becoming increasingly complex as receptors of different 
hormone classes are identified in the same tissue. Both 
estrogen and progestin receptors are now evaluated rou- 
tinely in single specimens of human breast tumors (14, 25, 
41, 42, 68, 69) and of human endometrium (51); androgeri 
(17, 37, 38, 46, 52, 71, 76) and glucocorticoid (18, 70) 
receptors would also appear to be present. Several teams 
have identified androgen, estrogen, and progestin-ltke 
binding components in human benign hyperplastic prostate 
and prostate cancer (1 , 1 3, 1 6. 23, 77). 

Many of these studies have been made possible by the 
use of synthetic radioligands to assay the receptors belong- 
ing to a particular hormone class, since the natural hor- 
mones possess several highly restrictive disadvantages. 
Estradiol, testosterone, and progesterone bind to specific 
contaminating plasma proteins such as SBP» or CBG (30, 

•Prtsemed jtf the John E. Fogarty Intamational Centar Conference on 
Honnonesand Cancer. Mareh29to 31. 1978. Bethesda.Md "^"^^ ^ 
.* To whom requasta tor reprints should be addressed. 
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78); dihydrotestosterone is degraded under /n vitro Incuba- 
tion conditions (7, 34, 67), and progesterone fonms a 
complex with the cytoplasmic receptor which dissociates 
so rapidly that an exchange assay using labeled progester- 
one is difficult (19). 

For study of several receptors in a single tissue specimen, 
the receptor specificity of the chosen radioligand has to 
equal at least that of the endogenous ligand. This study will 
descrit>e the screening system used In our laboratory to 
evaluate the hormonal profile (receptor specificity) of a test 
substance in an attempt to develop new potent drugs (55. 
56. 60) and new synthetic Iigands. The system is based on 
competitive binding to the steroid receptor present in the 
cytosol of the organ routinely used as an end point in 
biological activity tests, thus ensuring by this choice of 
material that the receptor under study is present in appre- 
ciable quantities and is. under normal circumstances, func- 
tional. 

Mouse uterus was used for studying the estrogen recep- 
tor, since uterotrophic activity is often regarded as a mea- 
sure of estrogenicity. The mouse was considered preferable 
to the rat since it has a far lower concentration of circulating 
EBP (45). which interferes little with the use of estradiol 
as a radioligand. Estradiol binds with high affinity to EBP 
(59) and also to SBP (78); the latter, however, is not present 
in the rat or in the mouse. In future experiments, estradiol 
will be replaced by R 2858 (moxestrol (1 1 i3-methoxy-19-nor- 
1, 3,5(1 0)-pregnatrlen-20-yne-3,17)5<!iol)J, which is a potent 
estrogen not bound by EBP or SBP (53, 57, 61). Rabbit 
uterus was used to study the progestin receptor, since 
histological grading of the proliferation of the rabbit endo- 
metrium is considered one of the more sensitive tests of 
progestational Rctivity. However, owing to the presence of 
contaminating CBG and to the very high dissociation rate 
of the progesterone receptor complex, R 5020 [promeges- 
tone(17,21<limethyl-19-nor-4,9-pregnadiene-3,20Kfione)] re- 
placed progesterone as a ligand. since it binds minimally to 
CBG (47, 54) and forms a much more stable receptor com- 
plex (49). The androgen receptor was identified in rat pros- 
tate with R 1881 [metrlbolone (17i8-hydroxy-17a-methyl- 
estra-4,9.11-trien-3-one)]; the use of this organ and of this 
species present few problems since there is no contaminat- 
ing SBP in the rat (6) and since the prostate of the young rat 
apparently does not contain any detectable progestin re- 
ceptor (7) to which, as will be seen below, R 1 881 binds. The 
most difficult receptors to identify conclusively without 
rnisinterpretation were the mineralocorticoid and glucocor- 
ticoid receptors, since these are often present concurrently 
(20) and since most Iigands which bind firmly to one of 
these receptors also bind, even if less firmly, to the other. 
We have used labele d aldosterone and dexamethasone to 
•The aWwBvlaUons used ate: EBP. estradioWndtng protein; CBG, oorti- 
testosterone: DCC, dextran^ooted charcoal: RBA. relative binding affintty. 
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identify these receptors in rat Icidney and liver, but are 
aware that these experimental conditions are not ideal, 
especially since the liver enzymes seem to remain operative 
under our in vitro incubation conditions. At present, all new 
r~ test substances are being screened for glucocorticoid bind- 
: ing on the thymus, in which metabolism is less marked 
i (15, 50). 

For our screening system we have attempted to develop 
f the simplest and "purest" models available, while eliminat* 
ing the influence of plasma contamination by choosing an 
appropriate species or ligand and eliminating the influence 
of other binders by choosing a ligand that is as specific as 
possible for the receptor under study. Nevertheless, we 
cannot pretend that this system is ideal. According to 
available data in the literature, mouse uterus contains 
estrogen and progestin (19, 48. 49) receptors; rabbit uterus 
contains progestin, glucocorticoid (21), and estrogen (39) 
I receptors; and rat prostate contains androgen, estrogen 
(72). and glucocorticoid (63) receptors. These receptors are 
present in variable concentrations. If the chosen radioli- 
gands are not totally receptor specific, in spite of all the 
precautions taken there will remain some doubt as to 
whether the receptor identified is really present in the tissue 
or whether the binding observed is not due to the presence 
of another unsuspected receptor (62) to which the ligand 
also binds. A distinction among the various receptors can 
be made then only by analyzing the differences in the 
kinetics of the binding of the radioligand to the individual 
receptors and by choosing Incubation conditions which 
favor binding to one receptor rather than another. 

To evaluate binding, a DCC adsorption method was used, 
since this has the advantage of leading to the dissociation 
of all very low-affinity specific binding. Several concentra- 
tions of a steroid were placed in competition with the 
radioligand, the displacement of bound radioligand was 
measured, and from these measurements binding curves 
were constructed. The results for 81 test substances, many 
of which have been synthesized by chemists at the Roussel- 
Uclaf Research Centre (2, 3. 11 , 44, 73-75). follow. 

Materials and Methods 

Radiol^ands. The radioligands used in the experiments 
described in this paper are listed in Table 1 . 

Biological Acthrlty Determination. Potency was evaluated 
in routine biological tests In the following manner: (a) 
Uterine weight was measured after 3-day s.c. administration 
to immature female mice, (b) Prostate weight was measured 
after 10-day s.c. administration to 3-week-old castrated 
male rats, (c) Endometrial proliferation was evaluated his- 
tologically after 5-day s.c. administration to estradiol- 
primed (5 fig estradiol per day for 5 days) immature rabbits. 

Binding to Specific Plasma Proteins. Specific binding to 
SEP and to CBG was measured on human plasma after 
separation of the proteins by ammonium sulfate precipita- 
tion. Plasma from a pregnant woman (in her eighth month 
of pregnancy) was treated with 10% (v/v) DCC (6^5% 
dextran 1B0S.12S% charcoal Norit A) to remove unbound 
hormone and then with 42% (NH4)tS04 to precipitate SBP. 
After addition of the (NH«)xSp4 and after magnetic stirring, 
the mixture was left overnight at 4"*. The precipitate formed 
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was centrifuged at 22,000 x g for 20 min and taken up in 10 
mM Trie HCi (pH 7.4), 0.25 M sucrose buffer (final dilutton, 
1/100; protein concentration, 0.2 mg/mi). The supernatant 
was treated with 50% (NH^tsSO^ to precipitate C8G accord- 
ing to a similar method (final dilution, 1/50; protein concen- 
tration, 0.12 mg/mi). 

Specific binding to SBP was measured by DCC adsorp- 
tion. Aliquots of 125 §i\ of SBP precipitate were incubated 
for 2 hr at 0* with 5 nM ['H]DHT in the presence of increasing 
concentrations (10 to 2500 nM) of unlabeled competitor. A 
DCC suspension (100 /il; 0.625% dextran TB0:125% char- 
coal Norit A) were added to 100 ftl of incubate in a microtiter 
plate (Greiner plates, M220-24A; System Cooke) and shaken 
for 10 min at (f. After centrifugation for 10 min at 800 x 
the radioactivity of a 100-/xl supernatant aliquot was 
counted. The percentage bound PH]DHT was plotted 
against the concentration of unlabeled competitor in the 
tube, and the competitor concentration required for 50% 
displacement of nhQDHT from its specific binding sites was 
detenmined. Results are expressed as the rath) of the DHT 
concentration to competitor concentration for 50% dis- 
placement. 

Specific binding to CBG was measured by equilibrium 
dialysis. Aliquots of 0.5 ml of CBG precipitate were dialyzed 
against 15 ml of ['H]hydrocortisone (2.5 nM) in Tris-sucrose 
buffer in the presence of various concentrations (2.5 to 
2500 nM) of unlabeled competitor. After magnetic stirring at 
0-4* for 48 hr, the radioactivity of 0.2-ml samples from 
inside and outside the dialysis membrane (Unton Carbide 
Corp., Chicago, III.) was measured. The percentage of 
decrease in bound radioactive steroid was determined, and 
the competitor concentration giving rise to a 50% decrease 
was deduced. 

Cytosol Preparation and Inculmtton. Cytosols were pre- 
pared by centrifuging homogenates obtained from the or- 
gans of various species as indicated in Table 2 and incu- 
bated with the corresponding radioligand, /.e., unless oth- 
envise stated , 5 nM [>H]estradiol was incubated for 2 hr at 0^ 
with mouse uterus c^osol to label the estrogen receptor, 
2.5 nM PH]R 5020 was incubated for 2 hr at with rabbit 
uterus cytosol to label the progestin receptor. 2.5 nM PH]R 
1881 were incubated for 2 hr at 0^ with rat prostate cytosol 
to label the androgen receptor, 5 nM [>H]dexamethasone 
were incubated for 4 hr at V with rat liver cytosol to label 
the glucocorticoid receptor, and 2.5 nM ['HIaldosterone 
were incubated for 30 min at 25" with rat kidney homoge- 
nates, which were then centrifuged at 800 x g for 10 min at 
V to label the mineralocorticokJ receptor. All incubattons 
were performed in the at>sence and presence of 0 to 2500 
nM unlabeled competing steroid. 

Bound Steroid Measurement by DCC Adsorptton. A 100- 
mI alkiuot of incubated cytosol was stirred for 10 min at 0- 
4? with 100 ixl DCC (0.625% dextran 8C, 000:1 .25% charcoal 
Norit A) in a microtiter plate and then centrifuged for 10 
min at 800 X g. The radioactivity of a 100-|tl supernatant 
sample was manured. 

RBA Detennlnattons. The percentage of radioligand 
bound In the presence of competitor compared to that 
bound in its ateence was pk>tted against the concentration 
of unlabeled competing sterokl. A standard cune for the 
competition of unlabeled radioligand was constructed with 
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Table 1 



Radtollgand" 


Formula 


Specific 
activity 
(Ci/mmol) 


Thin-layer chromatograptiy 
solvent systems^ 


(6.7-'H]Estradlol 


jCtf°" 


50 


Benzene:ethyl acetate (1 :1 , v/v) 
Methylene chloride:methanol (9:1 , v/v) 




T * 


57 


Benzene:ethyt acetate (7:3, v/v) 


(67-»HlR 1881 




56 


Benzene:ethyl acetate (5:5, v/v) 


[l.a-'HlAldosterone 




53 


Benzene:ethanol (9:1 , v/v) 


[2-'H]Dexamethasone 




26 


Carbon tetrachloride :acetone (6:4, v/v) 



° All the radioligands were synthesized t>y the Roussel-Uclaf Research Centre. 

^ Prior to use, radiochemical purity was checked by thin-layer chromatography with the use of Merck silica get plates. All of the 
radioligands were more than 98% pure. 

Table 2 

Preparation of cytosots used to study steroid hormone receptors in our screening system 

Homogeni- 
zation tis- 
8ue:buffer 

Status Organ Buffer ratio (w/v) Cytosol preparation 



Species" and strain 



Mouse (Swiss) 



Female (18 days old) 



Rabbit (New Zealand) Female (50-55 days 
old, estrogen- 
primed)^ 



Rat (Sprague-Dawley) Male (140-160 g 

castrated for 24 hr) 
Male (140-160 g 
adrenalectomized for 
4-7 days) 



Uterus 

Uteriis 



Prostate / 
Perfused kidney 

Perfused liver 



TS buffer*^ 



Krebs-Ringer 
phosphate buffer 

TS buffer 



1:50 \ 

' V 

S105.( 
at4» 



Centrlfunntinn of 

\ homogenate at 

,000 X g for 60 min 



1:3 



1:10 



105,000 xg for 60 min at 
4» 



" All animals were supplied tyy Iffa-Credo. France, except for the rabbits, which were obtained from Elevage Cunicole, Chatlllon- 
Colianv. France. 

^ The rabbits were primed with 25 ^ of estradiol in ethanol applied to the dorsal skin and were killed after 4 days. 
*TS buffer, 10 mM Tris-HCI (pH 7.4): 0.25 M sucrose. 



the use of 9 to 10 concentrations; 5 or 6 concentrations of 
each competitor were tested. These were chosen to provide 
a linear portion on a semilog plot which would cross the 
point of 50% competition. From this plot, the molar concen- 
trations of unlabeled radioligand or steroid competitor that 
reduced radioligand binding by 50% were determined. The 



effectiveness of a competitor was established with the use 
of the ratio of untak>eled radioligand concentration for 50% 
competition to competitor concentration for 50% competi- 
tion. This ratio was multiptted by 100 and ternied the RBA. 
The RBA*s of the endogenoi^ hormones and of dexametha- 
sone were taken to be equal to 100. — 
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Table 3 

Chemical names and trivial names of the test sut)stance8 

A1 Pregn-4-6ne-3,20-dione (progesterone) 

A2 5a-Pregna^,20-dione 

A3 5j3-Pregn£H3.2(Vdione 

A4 3/9-Hydr6xy-5at-prBgn-2(Kone 

AS 30-Hydroxy-5/3-pregn-2O-one 

A6 3a-Hydroxy*5ac-pregn-20-one 

A7 3ae-Hydroxy-50-pregn-2O-one 

AS 19-Norpregn-4-ene-3.20-<lione (19-norprogesterone) 

A9 1 9-Norpregna-4 ,9-diene-3 ,20-dk)ne 

A10 19-Norpregna-4,9.11-trlene-d,20-dione 

A1 1 2^-D;metliyl-19-norpregnfr4,9Kiiene-3,20-dione 

A12 16a-Methyt-19-norpregn-4-ene-3.20-dk)ne 

A13 16.16-Dimethylpregn-4-ene-d.20-dione 

A14 6a,16ac-Oinnethylpregn-4-ene^.2(Mione 

A15 17cx-Methyl-]9-norpregn-4-ene-33^ione 

A16 17a-Methyi-19-norpregn»4.9KJiene-3.20KJione 

A17 17a-Methyl-19-norpregna-4,9.1 1-triene-3,20-dione 

A18 17a.214>irnethyl-19-norpregna-4.9-diene^.20-dione{promegestone) 

A19 11 0-Hydroxypregn-4-ene-3.2O-dione 

A20 1 1 a-Hydroxypregn-4-ene-3,20-dione 

A21 11 ^-Hydroxy-1 9-norpregna-4 .9-d iene-3 .20-d ione 

A22 1 1 0-Methoxy-19-norpregna^,9-diene-3,2O-dione 

A23 17<r-Hydroxypre9n-4~6ne-3.20-dione 

A24 1 7a-Hydroxy-1 9-norpregna-4 .9-diene-3 .2(Kdione 

B1 17/5-Hydroxy-androst-4-en-3-one (testosterone) 

B2 17/9-Hydroxy-5a-androstan-3-one (dihydrotestosterone) 

B3 17^-Hydroxy-5/9-androstan-3-one 

B4 5a-Androstane-a/3,17/3-diol 

B5 5a-Androstane^ar.17^iol 

86 17)3-Hydroxyestr'4^n-3-one(nortestosterone) 

87 170-Hydroxye8tfa-4,9-dien-3-one 

88 17/9-Hydroxyestra-4,9.1 1-trien-3-one 

89 13i8-Ethyl-17p-hydroxygon-4-en-3^ne 

810 17 /9-Hydroxy-1 3^propy lgon-4^n-3-one 

811 17/9-Hydroxy-17eepregn-4-en-20-yn-3K)ne 

812 17^-Hydroxy-19-nor-17a-pregn-4-en-20-yn-3-one (norettiindrone) 

813 17/J-Hydroxy-19-nor-17ot-pregna-4,9-dlen-20-yn-3-one 

814 17/3-Hydroxy-19-nor-17a-pregna-4.9,1 1-trien-20-yn-3-one (norgestrienone) 

815 13/9-Ethyl-170-hydroxy-18J9Klingr-17arpregn^n-2O-yri-3-one(norgestrel) 

816 170-Hydroxy-13/3-propyl-18,19^inor-17ar-pregn-4^n-2()-yr)-3-one 

817 13iE^Ethyl-17^-hydroxy-18,19<lino^pragna-4.9,1 1-trien-20-yn-3-one (gestrigone) 
816 17/9-Hydroxy-13/9-propylgona-4,9,11-trien-3-one 

819 17/3-Hydroxy-13j9-propyl-18,19KJinor-17a-pregna-4,9.11-trierv-2()-yn-3-one 

820 17/3-Hydroxy-2a-methylestr*4-en-d-one 

821 17/3-Hydroxy-17a-methylestr-4-en-3-one (methylestrenolone) 

822 17/3-Hydroxy-17a-methylestra-4,9-dien-3-one 

823 17)3-Hydroxy-17at-methylestra-4.9.1 1-trien-3-one (methyltrienolone, metribolone) 

824 130-Ethyl-17/9-hydroxy-17a-methy)gona'4.9,11-trien-3-one 

825 17/9-Hydroxy-2/3.1 7a-dimethylestre. -4.9.1 1-triene-3-one 

826 17/3-Hydroxy-2,2,17cr-trimethylestr»4,9.1 1-trien-3-one 

827 17/3-Hydroxy-7a,'»7a-dimethylestra-4,9^ien-3-one 

828 1 1/3,17/^Dihydroxy-17a-pregn-4-en-20-yn-3-one 

829 11/9,170-Dihydroxy-19-nor-17a-pregnfr4.9-dien-2O^rv^ne 

830 13/9^tKyM1^.17/Mihydroxy-18.19-dinorpregna^.9KJien-20-yrb^ 

831 17^4^roxy-11/i^ethoxy-19Hior-17a-pregn*4-en-20-yn-3-one 

832 1 7/J-Hydroxy-1 1 /3-methoxy-1 9-nor-1 7oE-prBgna-4 .9-dten-20-yrv3-one 

D1 ~ 21-Hydroxypregn-4-ene-3.20-dione (deoxycorticosterone) 

D2 21-Hydroxy-^/9-pregna-320-dione 

D3 21-Hydroxypregna4.6^iene-3,20-dione 

D4 21-Hydroxy-2/3-mettiylpregn-4-ene^,20-dione 

05 21-Hydroxy-2a-fnethylpregn-4-er«e-3.20-dione 

D6 21-Hydroxy-2.2*dimethylpregn-4-ene-3.20Kttone 

D7 110.2143it^Foxypregri-4-erie^.2OHiiorie (corticosterone) 

D8 17a,21*Dihydrcxypregrv4-ene-3,20Klione (cortexolone) 

09 11 /9,17a^1-Trihydroxypregn-4-ene-3.20^ione (hydrocortisone) 

010 1 1 0.21-Oihydroxypregna-l ,4-diene-3,20-dtone (l-dehydrocortEoosterone) 

011 11/3,17a.21-Trihydroxypregna-1.4-dierm-3,20-dione (prednisolorw) 

El Estra-1 ,3.5(10)-triene^.17jMiol (17/9-estradk>l) 

E2 IS/S-Ethylgona-l ,3.S(10)-triene-3.17/Miot 
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E3 13^^pylgona-1^,5(10Hrtene^.17/Mlol 

E4 1d^r-17o-pregna-1 ^^10Hrton-20^e^.17^^Jiol (ethynyl estradiol) 

E5 16/5-Etliynyte8tra-1 ^ ,5(10)-trtene^,16flt-dlol 

E6 2-Methytestra-1^.5(10)-trlene^,17/Mlol 

E7 7a-Met»iylestra-1 ,3,5(10>-trierte-3,17p^iol 

E8 17a-Methylestra-1,3.5(10Hrlene-3,17/3-diol 

E9 Estra-1 ^;5(10)-trtene^,1 1/5,17^-triol 

E10 11 /W^athdxyestra-1 ^,5(10Hriene^,17/Miol 

Ell 11a4tethoxyestra-1^.5(10Hrtene^,17/Mlol 

E12 11/5-Methoxyestra-1^,5(10)-tri8ne^,16a,17/J-triol ^ ^. _ « 

E13 1 1 ^-Methoxy-19H:!or-17o-pregna-1 ^ .5(10Hrien-20^ne^,17^iol{moxestrol) 

E14 1 1a^thoxy-19^ior-17a-pregna.1 ^.5(10>-trien-20-yne-3,17/Mio1 



In order to be able to readily compare the results for the 
81 competing steroids listed in Table 3. the exact numerical 
values of RBA*s have not been given (except for the radioli- 
gands themselves and for the endogenous hormones). 
Instead, the RBA*s for the 5 different receptors (estrogen, 
progestin, androgen, mineralocorticoid. and glucocorti- 
coid) have been graded according to the scale illustrated in 
Chart 1. The results given are the means of at least 2 
detenmlnattons which differ by less than 15%. 

Results 

/. Radioligand Prof He 

Biological Activity. All the synthetic hormones we have 
radiolabeled for the detection of steroid hormone receptors 
are highly potent pharmacologically in routine biological 
tests. As shown in Chart 2. the estrogen R 2858 is approxi- 
mately 5-10 times as potent as estradiol in increasing the 
weight of mouse uterus, the androgen R 1881 is about 50 
times as potent as testosterone in increasing the weight of 
rat prostate, and the progestin R 5020 is at>out 50 times as 
potent as progesterone in inducing endometrial prolifera- 
tion in the estrogen-primed rabbit. The biological activity of 
R 2858 has been included [although it is not the radioligand 
used in the screening system, it now frequently replaces 
estradiol for the detection and assay estrogen receptors in 
human breast tumors because of its lack of binding to SBP 
and the slow dissociation rate of the comolex that it forms 
with the estrogen receptor (58, 61 )] . 

Binding to Specific Plasma Proteins. Data on the lack of 
specific binding of the chosen radioligands to plasma 
proteins specific for the endogenous hormones have al- 
ready been published for several species (12, 27, 54, 61, 
62). Only the species used in the screening system and 
humans (since the ultimate aim of the development of these 
radioligands is their use for receptor assay in normal and 
neoplastic human tissues) concern us here. As regards the 
species used in the screening system, R 5020 does not bind 
to CBG in rabbit plasma (47) and dexamethasone does not 
bind to CBG in rat plasma. There is little EBP (45) and no 
SBP in mouse plasma, thus permitting the use of labeled es- 
tradiol, and there is no SBP in rat plasma rendering any 
binding of R 1881 to SBP irrelevant. In the case of human 
plasma, as shown in Chart 3 and Table 4, whereas all the 
natural hormon^ compete appreciably either for binding to 
SBP, measured by a DCC adsorption method, or to CBG, 
measured by equilibrium dialysis, none of the synthetic 
steroids exhibit significant binding. Furthermore, the 
R 5020 binding which is recorded to CBG by equilibrium 
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Chart 1 . Qrading used to represent RBA in Charts 5 to 8. 

dialysis is totally dissociated in the presence of DCC in our 
screening conditions. 

Binding to Specific Tissue Receptors. The relative con- 
centrations of test sut)stances required to displace 50% of 
specifically bound radioactivity were determined as de- 
scribed in "Materials and Methods" and as illustrated in 
Chart 4. The binding profile of the radioligands compared 
to the natural hormones is given in Table 5, which yields 2 
kinds of information. It shows whether an interaction oc- 
curs between the steroid and receptor (results obtained 
after short incubation times), and it indicates whether the 
complex formed is stable (comparison with results obtained 
after long incubation times and/or higher temperatures) (9). 
(In the forthcoming competition results on the 81 test 
steroids, only the results for short incubation times are 
given, since to choose a suitable ligand for labeling, it is 
necessary to know whether any interaction occurs with a 
particular receptor). According to the data in Table 5, R 
2858 is as specific as estradiol. It binds less than estradiol 
to the progestin and androgen receptors, but more than 
estradiol to the glucocorticoid receptor. Its binding to the 
estrogen receptor itself is under certain conditions com- 
parable, if not stronger, than that of estradiol; in fact, at 
0^ in mouse uterine cytosol R 2858 associates 5 to 10 times 
slower with the estrogen receptor than with estradiol, but 
forms a complex which, at 25°, dissociates at>out 5 times 
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Chart 2. Potency of some of the synthetic hormones used to lat>el steroid receptors. In a. uterine weight was measured after 3-day 8.c. administration to 
immature mice. In b, prostate weight was measured after ICKday s.c. administration to 3-week-old castrated rats. In c. endometrial proliferation was 
measured after 5^ s.c. administration to estradiol-prtmed rabbits. In a and 6, the total dose administered has been plotted: in c, the daily dose. 



R2858 




Competitor concentration (IM) 
Chart 3. Binding to semlpuriried sex SBP labeled with [*H]DHT and CBQ labeled with ['HJcortisol. 



Slower. R 5Q20 binds much more firmly than does proges* 
terone to the progestin receptor. It competes very little, less 
than progesterone, for binding to the androgen and min- 
eralocorticoid receptors, but more than progesterone for 
binding to the glucocorticoid receptor. R 1881 is highly 
unspecific, since it binds to a similar extent to the progestin 
and androgen receptors and also binds appreciably, com- 
pared to testosterone, to the mineralo- and glucocorticoid 
receptors. Dexamethasone not only binds more strongly to 
the glucocorticoid receptor than do Cortisol and corticos- 
terone, but is also more specific than cortlcosterone, since 
it competes less for progestin and mineralocorticoid bind- 
ing. 

//. in Vitro Screening 
Functional Groupings. Several studies have established 



the importance of certain functional groupings on the 
steroid nucleus for binding to steroid hormone receptors. 
Thus, compounds which bind effectively to the estrogen 
receptor possess an aromatic A ring and 2 hydroxy groups, 
in positions C-3 and C-17. separated by about 12.2 A (24, 
26). Blocking the C-3 and/or 017 hydroxyl by methylation 
invariably results in loss of binding affinity (24, 28, 33, 56, 
57). Alteration of the position of the phenolic hydroxy 
group of /S-estradiol from the 03 to the C-2 position 
reduces RBA to about one-third of that of /^estradiol (65). 

A 3^eto-4^rte structure is a common feature for the ef- 
fective binding of a ligand to the progestin, androgen, min- 
eralocorticoid, and glucocorticoid receptors. If the double 
bond of progesterone (A1) is reduced (Chart 5) to give a 
3-keto-5a structure (A2) or a 3-keto-5i3 structure (A3), the 
RBA is decreased consfderably and much more so in the 
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Table 4 

Binding to apacific protaina in human plasma 
The RBA*8 of compounds that did not compete at a 2500 nu 
concentration have been given as <p.2 for binding to SBP (since 
the IG^ of DHT is 5 nM) and as <0.1 for binding to CBQ (since the 
Ifio of Cortisol is 2.S nn). ' 





SBP 


CBG 


Estradiol 


8.7 


<0.1 


R 28S8 (moxestrol) 


<0-2 


<0.1 


Progesterone 


<0.2 


25 


R 5C^ (promegestone) 


<0.2 


0.9 


Testosterone 


26 


3 


5a-0HT 




0.8 


R 1881 (metribolone) 


0.2 


<0.1 


Aldosterone 


<0.2 


6.0 


Cortisol 


<0.2 


fiool 


Corticosterone 


<0.2 


107 


Dexamethasone 


<0.2 


<0.1 




Competitor concentration (M) 



Chart 4. Competittve binding curves of several progestins in rabbit uterus 
cytosot. Radioligand and competitor were incubated with diluted cytosol for 
2 fir at 0>. Bound steroid was measured by a DCC adsorption technique and 
plotted against the concentration of unlabeled steroid in the tube. The 
concmtrations of unlabeled radioligand and competing steroid required to 
decrease the binding measured in the absence of competitor by 50% were 
determined. Their ratio (times 100) give the relative binding affinity. 

latter than in the former case (31 , 32, 35. 40, 56). Reduction 
of the double bond of testosterone (81) gives 5a-DHT (82), 
which has a slightly higher affinity than testosterone or 5)3- 
dihydrotestosterone (83), which has virtually no affinity at 
all (64). 5/3 reduction of deoxycorticosterone (D1) gave a 
totally inactive molecule (D2). 

Binding of all these molecules is also decreased on 
reducing the 3-keto group, e.g. . A4 and A6 compared to A2, 
AS and A7 compared to A3 (31 , 40, 56), 84 and 85 compared 
to 82 (22, 36, 64), or in the absence of a grouping in C-3 
(56). The substituent in position C-17 seems to be of less 
importance since, for instance, compounds which bind to 



the progestin receptor may possess at this position either 
an acetyl grouping or a /^-hydroxy group in the presence of 
an a-methyl or ethynyl. Even on reduction of the acetyl 
group, binding affinity may be maintained as long as the 21 
hydroxy group is in the /3 and nbt In the a configuration (31 , 
32, 35, 55. 66). 

On the basis of the above ot>servations, it would appear 
that in order to select a high-affinity specific binder, it is 
preferable not to tamper with the functional groups and to 
screen only molecules where these groups have been left 
free for binding to the relevant receptor. 8y substituting at 
other positions of the steroid nucleus, binding to this 
receptor might be enhanced, hopefully without the intro- 
duction of other subsidiary binding components, thus pav- 
ing the way to the design of new ultraspecific ligands. 

In the following charts (5 to 8), the binding profiles of 81 
molecules are given. This selection of molecules is comple- 
mentary to a first series (60) and illustrates the effect of 
unsaturation, chain length, ethynylation, methylation, and 
hydroxylation on the natural hormones. 

Removal of C-19 Methyl, Unsaturation, and Homologa- 
tion of C-13 Methyl. As indicated in Chart 5, the removal of 
the C-19 methyl group of both progesterone- and testoster- 
one-enhanced binding to their respective receptors (A8 
compared to A1 and 86 compared to 81). In both cases, 
however, this modification led to the appearance of slightly 
more marked binding to a subsidiary receptor [the mineral- 
ocorticoid receptor in the case of norprogesterone (A8) and 
the progestin receptor in the case of nortestostelrone (86)]. 
8inding to the parent receptor was similarly en- 
hanced by the introduction of double bonds in A9 (A9 
and 87) or in A9,1 1 (A10 and 88), but these also affected 
subsidiary binding. The triene A10, a derivative of proges- 
terone, bound appreciably to the androgen receptor, and 
the triene 88, a derivative of testosterone, bound even more 
appreciably to the progestin receptor. The introduction of 
these double bonds would thus appear to induce a certain 
lack of specificity, which will be confirmed below. Only one 
example of the introduction of a double bond, in A6, is 
illustrated for the corticoid structure (D3). This molecule 
has lost some affinity for the mineralocorticoid and proges- 
tin receptors and binds weakly to the glucocorticoid recep- 
tor. 

Chart 5 also illustrates the effect of homologation of the 
C-13 methyl in the testosterone and estradiol series. In l>oth 
series, this modification resulted in a slight decrease in 
binding affinity for the parent receptor. This decrease 
was more marked for the estradiol derivatives (E2 and E3 
compared to El) than for the testosterone derivatives (89 
and 810 compared to 86). There was no appreciable effect 
on the secondary receptor (progestin receptor for the tes- 
tosterone series and androgen receptor for the estradiol 
series), but in both series the presence of very slight gluco- 
corticoid binding was noted. 

Ethynyiatton. A study of 8 17a-ethynylated derivatives in 
the testosterone series conclusively established that the 
introduction of this substituent into the testosterone or 
nortestosterone molecule is associated with reduced bind- 
ing to the androgen receptor and increased binding to the 
progestin receptor. These effects are clearly seen upon 
comparison of pairs of molecules [81 and 811 , 86 and 812, 
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Tables 

liBA'8 for steroid ttormone receptors 



Estrogen receptor 



Progestin receptor 



2 hr, OP 5 hr, 2S> 2 hr. 0- 



24 hr, OP 



Androgen re- MIneralocortK 
- ceptor (2 hr, cold receptor 
0^) (30 min, 29>) 



Glucocorticoid receptor 
(4hr,0P) {20hr,0") 



Estradiol 


IToSI 


nooi 


2.6 ± 


0.9 


0 


.9± 0.2 


7.9 ± 1.3 


0.13 ± 0.03 


0.6 


±0.1 


0.15 




R 2858 (moxestrol) 


12 ± 1" 


112 ±8 


0.8 ± 


0.3 




0.7 


<0.1 




<0.1 


3.2 


±0.4 


0.8 




Progesterone 


<0.1 




floa 






iiool 


5.5 ± 0.6 


8.0 


±1.0 


0.24 


±0.07 


0.1 




R 5020 (promegestone) 


<0.1 




222 ± 


7 


530 


±30 


1.2 ±0.5 


0.3 


±0.1 


14 


±2 


3.6 


±0.8 


Testosterone 


<0.1 




1.2± 


0.3 


1 


1 ± 0.3 


nooi 


0.9 


±0.1 


0.17 


±0.22 




<0.1 


5a-0HT 


<0.1 




1.4 ± 


0.7 




0.9 


60 ±3 




0.15 




<0.1 






R 1881 (metribolone) 


<0.1 


2081: 18 






191 


±28 


199 ±4 


18 


±2 


26 


± 5 


6.1 


±0.3 


Aldosterone 


<0.1 




1.1 ± 


0.2 




0.8 


<0.1 




fipg 


2.7 


±1.2 


0.13 


±0.03 


Cortisol 


<0.1 




<0.1 






<0.1 


14 


±0.6 


40 


^:7 


5 


±2 


Corticosterone 


<0.1 




5.1 ± 


1.0 


2 


8± 0.3 


0.5 ± 0.2 


33 


± 5 


23 


±6 


0.2 


±0.1 


Dexamethasone 


<0,1 




0.4 ± 


0.1 




0.1 


0.5 


17 


±2 


Roa 


riool 



' Mean ± SE of either 3 or more experiments or of 2 experiments giving results that differ by less than 15%. 



B7 and B13, B8 and 814. 89 and 815, BIO and 816. 818 
and 819 (Chart 6)]. At times, the effect was so marked that 
the 17a-ethynyl-substltuted testosterone derivatives bound 
more to the progestin than to the androgen receptor. Many 
are potent progestins. 

Previous observations on unsaturation and C-13 methyl 
homologation can also be confirmed and extended on 
comparing the ethynylated derivatives. Binding of the triene 
(814) to the androgen receptor was more marked than that 
of the conresponding monoene (812) and diene (813); how- 
ever, the diene competed less than did the monoene. This 
last result Is in accord with observations on the nonethy- 
nylated derivatives; namely, 87 t>ound less than 88. The 
lack of specificity of trienic structures was also confirmed, 
insofar as the triene 814 competed slightly more than did 
the diene 813 for the progestin receptor, an observation in 
analogy with the results for 88 and 87. As regards homolo- 
gation of the C-13 methyl, it would appear that the second- 
ary binding most closely associated with a C-13 ethyl group 
might be corticoid binding, since it distinguishes 815 from 
812, 817 from 814, and 89 from 86. This seemed, however, 
characteristic of the ethyl group and did not hold true for 
the propyl group. 

In the estradiol series, 17a-ethynylation also introduced 
progestin binding and furthermore enhanced binding to the 
estrogen receptor, although the latter is not readily appar- 
ent in Chart 5 because of the lack of sensitivity of th^ 
grading (E4 compared to El). The compound E5, in which 
the ethynyl (fi) and hydroxyl (a) groups have t>een trans- 
ferred from position 17 to 16, has no binding affinity at all 
for the estrogen receptor. 

Methylatton. Chart 7 illustrates a few examples of the 
effect of methylation on the binding profiles of the natural 
hormones. 

Whether In the testosterone, corticosteroid, or estradiol 
series, methylation in position C-2 decreased binding to the 
corresponding receptor (820 compared to 88, D4 and D5 
compared to D1 , and E6 compared to El). The presence of 
a gem*dimethyt group in C-2 even further decreased bind- 
ing. All had no affinity whatsoever for a steroid hormone 
receptor, and 06 was also virtually totally inactive. 

Three C-16-substituted methyl derivatives were compared 



in the progesterone series. 16a-Methyl progesterone (A12) 
bound less than did progesterone, and the 16-gem-dimethyl 
derivative (A13) bound even less. When the second methyl 
substituent was introduced at position C-6 (A14), instead 
of C-16 (A13), progestin binding was similariy decreased 
and, furthermore some glucocorticoid binding was intro- 
duced (A14). 

The effect of 17a-methylatton could t>e compared in the 
progesterone, testosterone, and estradiol series. This sut>- 
stituent could be tentatively associated with progestin bind- 
ing, since all 3 17a-substituted compounds (A15, 821, and 
EB) t>ound more markedly to the progestin receptor than 
did the corres|M)nding unsubstituted compounds (A8, B6, 
and El , respectively). This substituent slightly decreased 
binding to the androgen receptor (821 compared to 86) 
and noticeably decreased the affinity of estradiol for the 
estrogen receptor (E8 compared to El). As expected, the 
further introduction of C-2 methyl substituents into 17a- 
methyt testosterone derivatives (825 and 826 compared to 
823) considerably decreased binding to the androgen and 
progestin receptor (5, 34). The further introduction of a C-7 
methyl substituent had no effect on androgen binding and 
slightly increased progestin binding (827 compared to 
822). 

Chart 7 also yields further information on unsaturation; in 
particular it reveals that the lack of specificity induced by 
unsaturation is greater in the testosterone (821, 822, 
and 823) than in the progesterone (A15, A16, and A17) 
series, and on C-13 methyl homologation, insofar as the C- 
13 ethyl derivative 824, like other ethyl derivatives, exhibits 
significant glucocorticoid binding. 

Hydroxylatlon. Derivatives hydroxylated in position C-11 
were available in all 4 series (Chart 8). In the progesterone 
and corticosteroid series, the 11 ^-OH group led to a de- 
crease in progestin and mineralocorticoid binding and to 
the introduction of glucocorticoid binding (A19 compared 
to A1 arul 07 compared to 01 ). A similar but less-marked ef- 
fect was observed In the testosterone series [828 (Chart 8) 
compared to 811 (Chart 6)]. 11/3-Kydroxylation of estradtoi 
led to a very poor estrogen binder (E9). When there was a 
double bond present in the decrease in binding on 
hydroxylatlon was even more pronounced {e.g., A21 and 
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B29 compared to A9 and B13 (Chart 6)]. In the corticoste- 
roid series, a double bond in A1 enhanced binding to the 
glucocorticoid receptor (D10 compared to D7). 
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11^-hydroxy substituted dienes had little effect on the 
binding profiles (A22 and B32 compared to A21 and B29), 



^^^^Q^^il^ "^^M^ \ \ \ El whereas methoxylation of the monoene 828 increased pro- 

.^sXt* \ \\\ \ \ C2 Charts. Effect of unsaturatlon. of removal of a C-19 methyl, and of 

rjj J ^ ^ homologation of the C-13 methyl on the binding profiles of progesterone. 
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gestin and glucocorticoid binding (B31). In the estradiol 
serl^, methoxylation of the 11 ^- or cr-hydroxy group has 
led to an interesting series of compounds (E10, Ell. E13, 
and E14) with very similar binding profiles, but with very 
different activities. Although the RBA s of these compounds 
for the estrogen receptor after incubation for 2 hr at (T are 
very similar, the kinetics of their interaction with the re- 
ceptor Is different. It would appear that the 1 1 /3-substituted 
compounds dissociate nrrare slowly from the estrogen re- 
ceptor than did estradiol and much more slowly than did 
the 1 la-substituted compounds (9, 10), ^thus explaining 
the higher RBA's recorded for the 11)3 compounds and the 
lower RBA's recorded for the 11a compounds after long 
incubation times at high temperatures (Table 6). As a conse- 
quence, E10 and £13 are potent estrogens, and E11 and 
El 4 exhibit antiestrogenic activity (8, 10. 29, 57). 

The available 17a-hydroxy derivatives had little binding 
affinity for steroid hormone receptors, e.g.. A23, A24, and 
D8. 11,17-Dihydroxy-substituted corticosteroids (D9 and 
D11) had very similar profiles to the 11 -mono-substituted 
compounds (D7 and D10). 

Conformation Studies 

" Of the molecules listed in Charts 5 to 8. one of the most 
aspecific is B17, which binds fairly markedly to 3 hormone 
receptors (the progestin, androgen, and glucocorticoid 
receptors). One of the possible reasons for this versatile 
binding may reside in the flexibility of this steroid, as 
revealed by X-ray crystallography (J. P. Mornon, personal 
communicatton). Chart 9 illustrates the different conforma- 
tions identified in crystals which, on examination, can be 
shown to possess a certain degree of overlap with pub- 
lished confonmations for testosterone and progesterone 
(43). This overlap could afford a partial explanation for the 
androgen and progestin binding components of this mole- 
cule, a point which Is at present under further study. 

Discussion 

The above results on 81 selected molecules suggest that 
a systematic study of the effect of various substituents on 
the receptor binding profile of natural steroid hormones 
could lead to the conception of new highly specific ligands. 
When, furthermore, these ligands do not bind to specific 
plasma proteins, are not degraded on in vitro incubation 
with cytosol. can be labeled to high specific radioactivity, 
and have low nonspecific binding, then these new mole- 
cules may prove invaluable in the detection and assay of 
hormone receptors in human tissues. However, the aim 
will probably not be easily achieved, since these and other 

Table 6 

RBA's c. estradiol derivatives under different irtcubation conditions 
for the cytoplasmic estrogen receptor in mouse uterus 
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' Numbers hi parentheses, number of determinations 



Charts. Pr«^wrttons obtained on X-ray diffraction analysis of B17. The 
rectangular coordinates system used to represent the molecule has Its origin 
at the center of gravity of ring D (43). 

results (60) suggest that there is a high degree of similarity 
among the receptors which bind 3-keto-A4 steroids and, 
consequently, that a single substituent can often interfere 
with binding to several receptors. 

Available radioligands, in particular those used to label 
the receptors in the above studies, have already constituted 
a decisive improvement over labeled natural hormones, 
although none, except for the estrogen R 2858, fulfil all the 
criteria for an ideal ligand. R 2858 does not bind with high 
affinity to plasma proteins, interacts firmly with the estrogen 
receptor, is not degraded in vitro on incubation at 25', and 
has low nonspecific binding. On the other hand, an im- 
provement on the radioligand used to label the androgen 
receptor (R 1881) could be obtained by increasing receptor 
specificity, and on the radioligand used to label the proges- 
tin receptor (R 5020) an improvement could be obtained by 
decreasing nonspecific binding. Whether these improve- 
ments are worthwhile in the light of present knowledge and 
in view of the number of control studios required to develop 
a new radioligand remains a moot point. 

In the absence of ideal tags, methods have to be found to 
palliate their disadvantages. Two will be suggested here. 
First, addition of an excess of a competitor which binds to 
the secondary receptors, e.g., addition of triamcinolone 
acetonide (to labeled R 1881), which binds to the progestin, 
mineralo- and glucocorticoid binding components (W. M. 
McQuire. personal communication; J. Asselin. personal 
communication) and thus eliminates their interference. This 
procedure is analogous to the addition of excess specific 
plasma binder, e.g., addition of Cortisol to eliminate pro- 
gesterone binding to CBG. Secondly, choosing the experi- 
mental conditions which compensate lack of specificity by 
favoring binding to one receptor rather than to another (4). 
This method is at present under further study. 
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Anal, of potential endocrine disrupting chenis. in wastewater effluent 
using continuous liquid-liquid extraction with derivatization and gas 
chroma tog. /mass spectrometry anal, is described. 
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the results of 81 mols., the effect of various substituents on the 
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The rationale for undertaking the present study was 
to evaluate the utility of lodoestradiol analogs made 
highly radioactive with iodine isotopes in (a) the non- 
invasive differentiation of estrogen-dependent from es- 
trogen-independent breast tumors, (6) spread of metas- 
tases containing estrogen receptors, and (c) potential 
application in therapeutic irradiation of target tissues. 
In the present paper, the model syntheses of a number 
of nonradioactive ^ I-estrogen analogs are described. 
The analogs were tested for their ability to displace 
(compete with) [^H]estradiol from receptor sites. The 
most active compounds, 16^-iodoestra-l,3,5(10)-triene- 
3,17^-diol (17) and 6-iodoestra-l,3,5(10),6-tetraene- 
3,17j9-diol (10b)y showed a relative binding affinity of 
0.57 and 0.49, respectively. 



It is reco^zed that estrogen receptors can be found in 
about 50 to 70% of tumors from breast cancer patients. In 
about 50% of these patients hormonal manipulative therapy 
will result in tumor remission while only rare tumors, if 
estrogen receptor negative will remit with similar hormonal 
therapy (1-3). Thus, it has been suggested that the tumors of 
all breast cancer patients be assayed for the presence of 
estrogen receptors. Unfortunately, at present assaying for 
estrogen receptors can be carried out only in vitrOy and the 
tissues must be first excised in part, or in toto (I, 3). There is 
an obvious dire need for a rapid noninvasive in vivo method 
of defining the estrogen receptor status of the neoplasia, which 
would facilitate the designing of a therapeutic approach to the 
patient. In this paper we describe our approach to the problem 
and report some preliminary results of our in vitro investiga- 
tions. 

Our plan was to prepare highly radioactive estrogen analogs 
capable of competing with estradiol for receptor sites and 
administer these to patients. We rationalized dhat if estrogen 
receptors were to be present in the tumor (and metastases) 
some of the administered labeled analogs would be retained 
at the receptor sites of the patient. In practice, the receptor- 
positive and receptor-negative tumors (and metastases) could, 
therefore, be differentiated by measuring externally the ac- 
cumulation (concentration) of radioactivity in the tumor and 
metastases relative to the normal surroundings tissues. This, 
of necessity, requires the use of one of the more energetic 
radioisotopes for steroid labeling. 

In a search for nuclides suitable for external in vivo scan- 
ning, we turned our attention toward several strong y emitters. 
We first focused on the possible use of certain radioactive 
isotopes of iodine because they emit hard y-radiation, can be 

* This work was supported by the National Institutes of Health 
Grant NIH CA 16464-03, and by Grant RD-16 from the American 
Cancer Society, Inc. The costs of publication of this article were 
defrayed in part by the payment of page charges. This article must 
therefore be hereby marked ** advertisement*" in accordance with 18 
U.S.C. Section 1734 solely to indicate this fact. 



obtained with a high specific activity (about 2200 Ci/mmol), 
and the chemistry of iodination of steroids has been previously 
developed. Consequently, we undertook to prepare model '^I- 
estrogen analogs and evaluate their ability to compete with 
[^H]estradiol for receptor sites in vitro. The results of these 
studies are described herein. 

EXPERIMENTAL PROCEDURES AND RESULTS^ 
DISCUSSION 

Although tritium and carbon 14 remain the usual radioac- 
tive isotopes for labeling steroids, for the past several years 
attempts have been made to use other radioactive isotopes for 
this purpose. These isotopes include 18-fluorine (4) and 75- 
selenium (5), but the commonest have been the radioactive 
isotopes of iodine (6-13). So far the restdts of these endeavors 
have not been very successful in part due to nonspecific 
labeling techniques, to loss of biologic activity following iodi- 
nation, or to nonspecific binding of the iodinated molecule (8, 
13). We have attempted to overcome these problems through 
specific iodination at sites which will not destroy the specific 
receptor binding and the biological activity of the iodinated 
estrogens. The results of our investigations are summarized in 
Tables I and II and Pigs. 1 to 3.^ 

Despite the bulk of the iodine atom which replaces a 
hydrogen H atom in the steroid structure, the binding of the 
subsequent iodinated estrogen is relatively high for several of 
these compounds. In these compounds, the iodine atom can 
be placed in either the 4, 6, 7, or 16 position, and the ability to 
bind to the receptor is retained. Katzenellenbogen (14) has 
previously noted that substituents on these groups are well 
tolerated so far as receptor binding is concerned. Insertion of 
an iodine atom in the 2 or the 17 position, however, will 
markedly hinder the binding affinity of the iodinated estrogen 
to its receptor. This is proabably due to the site involved and 
not the iodine atom per $e, since the 2-hydroxylated estrogens 
also bind very poorly to the uterine receptor (15). We noted 
in in vivo studies that the iodinated steroid could enter the 
circulation, be carried to the target tissue, enter the target 
cells, and compete directly with pHJestradiol for receptors in 
the cells. Following the in vivo administration of [^H]estradiol 
with and without nonradioactive compounds, it can be calcu- 
lated that about 0.8 nmol of the iodinated compound is present 
at specific receptor sites/100 rag of uterus. 

Since we used *^'I for these experiments we could not assess 
the extent of nonspecific binding to other tissues which has 
been noted by others (8, 13). However, in one experiment in 
which Compound 10b was labeled with '^*''I, in vivo studies 

' Portions of this paper (including the syntheses and "References") 
are presented in miniprint at the end of this paper. Miniprint is easily 
read with the aid of a standard magnifying glass. Full size photocopies 
are available from the Journal of Biological Chemistry, 9650 Rockville 
Pike, Bethesda, Md. 20014. Request Document No, 78M-1589, cite 
author(s), and include a check or money order for $2.85 per set of 
photocopies. 
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8(pm/ml) Btpm/ml) 
Fig. 1. Scatchard plots (23) of bound/free {B/F) versus {B) bound for incremental anxounts of [^H]estradiol incubated in the absence, 

□ and in the presence of: A, 16)S'iodoestradiol {17), 1 X 10''" M. • or 1 X 10"' M» O O; B, 6-iodoestra-U,5(10).6.tetraene- 

3.17)9-diol {Wbh 1.01 X 10~*** M, • 2.02 x 10"'° m, O O, or 6.05 X lO*"* M, ▲ A; C 7a-iodoestra.l,3.6(10)-triene-3Ml7p-triol 

(//6), 2.9 X 10-"* M, • #, 4.8 X 10-'° M, O O, or 9.7 x 10"'° M, ■ B. 
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of sucrose gradients of uterine cytosol incubated with ['H]estradiol in the absence or presence of iodinated estrogens. 

—X, ['HJestradiol plus 16-iodoestradiol (77) (4 X 10'* m, O O; 2 x 10' m, • •). B, (^HJestradiol, • •; 

[^jestradiol plus 6.iodoestra-1.3,5(10),6-tetTaene-3,17)S-diol (706), 4 x 10"^ M, O O, C, t^H]estradiol ▲ A; ['HJestradiol plus 7a- 

iodoestra-l,3,5(10)-triene-3,6)a,n^-triol Ulb) (O O, 4 X 10"** m; • #, 2 X 10~' m). BSA, bovine serum albumin. 



Fig. 2. Results 
[^HJestradioI, x- 



Table I 

Helaiive binding affinities (weak displccers) 



Compound 



Relative binding 
affinity" 



Estra.l,3,5(10)-trien-3,17)9-diol (/) 1.00 

17a-Iodoestra.l,3,6(10)-triene-3,I6^-diol U9a) 0.01 

1 7a-lodoestra* 1 ,3,5( 10)- triene-3-ol {2a) 0.01 

17a-Iodoestra-l,3,5(10),6-tetraene-3-ol {9c) <0.001 

2,4,17-Triiodoestra-l,3,5(10),16-tetraene-3-oI (6a) <Q.001 

17-Iodoestra.l,3,5(10)-16-tetraene-3-ol {6b) <0.001 

2.6-Diiodoestra-l,3,5(10),6-tetraene-3J7)S-diol (lOa) <0.001 

2-Iodoestra-l,3.5(10)-trien-3,l7i?-diol (23) <0.001 

2,4,17a-Triiodoestra-l,3,5( 10)-triene-3,16)3-diol {29b) <0.001 

4,17a-Diiodoestra.l,3,5(10)-triene-3.16)3-diol {29c) <0.001 

" Calculated at B/Bo = 50% (44). 

showed that the nonspecific binding was similar to that found 
for [^H] estradiol,^ Although the results of the in vivo experi- 
ments are encouraging, further work is necessary before it can 
be shown that the described iodinated estrogen (s) will bind 
only to specific target sites and the radioactivity can be 
detected exogenously. 

The possibility that some deiodination occurred under in 
vitro as weU as in vivo conditions cannot be excluded, How- 

' See footnotes in the miniprint. 



Table U 

Relative binding affinities (strong displacers) 



Compound 



Relative binding 
affinity** 



Estradiol {la) 1.00 

i6^-Iodoestra-l,3,5(10)-triene-3,17^-diol {17) 0.57 

6-Iodoe8tra-l,3»5(10),6-tetraene-3,17^-diol {10b) 0.49 

16a-lodo-3-hydroxyestra- 1, 3,5(10) -then- 17-one 0.29 
(226) 

17a-Iodomethyl-estra-l,3,5(10)-trien.3.17y9-diol (27) 0.09 

3- Acetoxy-16a-iodoestra-l,3,5(10)-trien-17-one (22a) 0.07 

4- Iodo-3-'hydroxyestra-l,3,5( 10),9( ll)-tetraene-17. 0.05 
one {14) 

7a-Iodo-3,17;9-diacetoxyestra-l,3,5(10)-triene-6-one 0.02 
{12) 

7a-lodoestra-l,3,5(10)-triene-3Ml7)S-triol (776) 0.02 

7a-Iodo-3,6iff-17)S-trihydroxyestra-l,3,5(10)-triene- 0.01 

3,17.diacetate (77a) 

« CalcuUted at B/Bo = 50% (44). 

ever, our results cannot be explained simply on the loss of 
iodine during the incubation procedures. 

There was a rough correlation between the Ki values cal- 
culated ftom the competition experiments and the respective 
RBA values of the compounds tested. The results of the 
competition experiments are compatible with the conclusion 
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ing affmky : 
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Iodo«stro9oivc, Synt,h*9M Atwl tntorsccloa 

Hi Lb etKiins Receptor* 

ThangawL \runAch*l&a, Cttrltcopber LOnqcop« and 

£j.labu Caapl 

SvntJietic ApproaCwB to Iod»-«ttrogen» 

Treatinent of aftradiol (la) vith triphcnylphosphit« Mthiodlde 
(H.Jl (TPMI)3 in DKT (J5»t ITO 9«v« I7o-iodoeitrft-l,3, 5(l^»-«tan- 
J•ol (3a) (504 yUldi. A* expected, the reaetlor. procMded with 
inveralon of coa figured on and cMi vae conflrned by luar epeetrua whicA 
•howed a doublet doublet* for the 17S-?iydro4«n tf 4.4 3i J, -7 b'lt 
J2"2 Ht). The attenqpts to prepare the 17t-iodida t2b) by triatstent of t2a) 
with »aj in bollio? a^etono (24, 2S). Nat In t>onin9~thyl-iaethyl kecono or 
diglyne or Hgl, in ether at 0^ (24) failed and reanlted in the recovery 
of the fttartln§ material. 

HcnfOv«r, whon (2a> va» treated vlch !Ul In boiling laOprep«nol, the 
17-cMtbrl-lB-nor««tra-l, ),S (10)fl3(17)-tetra«ne-3-oX (S> va* foraed in 
c«. 90% yield. Ttte roarran^ed pnsduct (3> wao aleo obtained b; heating 
S~hexamethytphosphoroue trtaalde eolution (BKPT) of {7») with Hal in the 
preeenc* of li-crown-S ether. 

In a further atteopt to prepare the 17S-l0(lide (2b), 17a-estradiol 
rie) wax treated vith T?MI In MP. Howewr. t^aln the reaction did not 
proceed at desired and, instead, 17S-Mthyl*ll-nore«tra-l , },5{10) , 13- 
tet-raan-a-oJ. (4) vae forwed (no virtylle protonai I l.OI doublet J<»7 Hi, 
Cij-H). The noted rearrangements are not scrprlsinq since It is known 
that the (levelopwent of a C-;7 cartMsniuo Ion may result In the migration 
of the C-lJoethylend forrrjtion of C-U(17> or C-13(14:> olefintc products. 

Under the circuMtancea, we explored the possibility of preparing (lb) 
via th»i rodup.tJnn of (6b). Estrone (5a> waa converted to the hydrarone 
TSE) snd trested with excess of Iodine in the presence of triethylaidne (iC). 
xKi r.a)or product of the reaction was the 2,4, 17-tcl'-iodoestra*l .3, 5 (Id) , 
16-tetraen>3>ol I £a) , and the desired mooo-iodide (Cb) was obtained in 
ca. St yield. In contrast, when equlnolar amounts oF^iodine and (5b) were 
used, the 17-aoao-iodide was obtained as tho siUe product. Dn- 

fortunately, attenpted hydrogenatlon of ((b) over b% Pd on charcoal gave a 
coaplex mixture of products i«hich was rAtTnvestlgated further. On pro- 
longed hydrogens t ion, the removal o£ the X« "double bond was aecomoanied by 
loss of iodine. It ls worthy oi note that hydrogenatlon of (fia) under the 
sane conditions resulted in the recovery of noat of tho starting (tatcrial. 

wp then fjrfiod our Attention to the Introduction of icdioa in Ring B. 
freatjeer.t of the fio-hydroxy fSa) and <*-hydroxy (Mi (2B,29i with T?MI in 
DHr gave tti« «-oJ«fin ($a) Jr. quantitative yields. SlAllarly, creatntent of 
the fio-tosylate (9c) orlTe-tosylate {8e) with Kal in acetone or isopropanol 
(J> resulted tn ttie 6-olefin (9aJ . TRe diacetate (9a) was saponified and 
tHs resulting 6-dehyrtro-<iiol (?E) was treated with ¥PHJ ir. OtT to yield the 
17a- iodide (9c). iCxposure Of €Ke tclol (Bb) to TPHI-ftftr «lso gave the 
iodide {9c). ~ ~ 

The * -vinyl iodide llOb) was prcpa:«d in 501 yiold by treating 
J,I7S-dihydrexyestra-l,l,i(rrr-trione-6-hydraxone (7b) with a 0.5 moiac 
equivalont of iodioii in the pcesonce of trlMthylaoiine (27). When an excess 
of iodine was used in the reaction, a (1:1) mixture of ( 10a ) and (lOb) 
wao forried. fcttenots to proparo the C>io<li(los vis hydrogenation of"?Kc 
C-6 double bond failed. 

The r«nctlon of the f-er.-di acetate (9a) with N-todoeuccinlirada (Nis) 
and aqueous hClO^ (30) save the 6»-hydroxy-7d-iodo (Ua) In ca. 9i% yield. 
SHK 4 5.05 [d,(J-2 HO 6fi-H)/ 4.43 It,U-2 H«) in-H}' the low field doublet 
indicates that the hydrcxyl is indeed in the bensylic C-« position. The C-6 
location of the hydroxyl wac confirmed by th« oxidation of Cla) to the 6«- 
Ketone-?o-iodlde (12) I:r 1675 cm'^t HMR ! 4.7B [d, (J-2 Hi) TJ^hJ. The 
7ft-lodo-eatra-l,3, JTlO) -trieR-J,«8,17«-triol ( lib ) w*e prepecsd by exposing 
the slx-dohydro-diol (9fc) to HIS and aqueons HCW^. " 

Treatoent of IJ.o-hydroxyestrooo (15) [11) with TPMl gave only the 
9(li)-dehy(Uoestro.ne (13) (32-34). Sxposure of 9( ll}-dehydro«strone (13) 
to HOI (NI6 ♦ equeou.* II?10*) resulted in the 4-iodo cORq>ound :i4> . TfTTit 
is in contrast to tho reactions of (13) with IlOOr. where tt was reported 
that the 9«-hydroxy lle-btotx> product Is fotncd (JO). 

Two types of King n iodohyUiins were prepared. treatJtnnt of estriol 
lit) with two equivalents of TPMI resulted m a mixture of products frow 
wKTch the iodohydrin (17) vas isolated in 23* yield. In addition, the 16- 
olefin (I8a) (30t) and~the phosphonate ester analog (18b) (5t) were ob- 
tained. The iodohydrin (17) gave a positive Beilstein test; its oass soec- 
trun had peaks tt m/« 19T*(M*) and 270 (h-UB; (h-rii } (loot) and its nmr 
had s ti.igltt (3U) at 0.96 (ie*U) &n<t « tnultiplet (2H} at 4.79 for the l(s- 
and l?8-hydrogen atofits. The product, on treatment with base, cave estrone 
•s expected for a ::ls iodohydrin. Slstilarly, when (16) was treated with an 
egulmlar dsotint oT^phi, cbc cia iodohydiin (17) was oDtainsd in 30* yield. 
In contrast, with 4 equivalents of TPMl, the olefin (ISa) was the main 
product {££,,701}, and only « small aoour.t of (17.) was Tortoed. 

Addition of hypoioiloue acid to the olefin (Ha) gave the crana -ise- 
hydroxy-17o-iode pcoduKt (m) (75> yield). K» expscted, the nmr of (J9a) 
exhibited a narrow doublotat 4.31 (J*l.i Hs) foi tlie 17ff-hydrogen, ana~a 
Rultiplet at 5.16 for the 16t.-hydrogon, Smal) ajwunts (ca. 5% each) of 
tne tri-iodo ( i9b } and di-iodo (19c) were also isolated. 

The second type of Blng D iodohydrins was obtained frocs the known 
oxiraM (3S) (3^). The oxirane (20), on treatment with tiydriodic *cid 
(36), gave 17a-lodo»ethyl estradiol (21). The 16o-iodoestrone (22b) and 
its acet^t* (32«) and 2-iodoe»tradiol TT3) were prepared by the metKbds 
descrtb«td in tSe literature (37, JB). 

Experimental I Sy nthetic Procsduros 

Syntnsiis of lodo-estroq^na 

Melting points were dotorednad on a hot stage apporotux and are cor* 
rected. Infrared spectra (TR) were recorded on a Perkir.-Elsttr 237 spec- 
trophotometer as KSr wafers. Nuclear magnetic rosonaotw (SHR) spectra 
were recorded on a Varian DA 60 speetroaster at 60 mx or BR-100 at 100 
KHi. Chetidcal shifts are gooted in < values downfield froca iriternel stan- 
dard tetranethyl si lane, coupling constants are quoted in Ks. Mass spectra 
were obtained on a Buclide iJ-90C instrument, at 70 ev., by the direct 
Insertion nethod. Thin layer chroaatogrsphy (TUT) was carried out on 
plates coated with silica gal (Hercli H.r. 254 * iit) and active t*fd at 1)0*^ 
for 6 h. Coluaui r:lirOBMtograpby was carrl»td out on silica gol (Heroic). 
Estradiol and estrone were purchased froo Steraloids, Inc. 

Uo-Iodoestra*l,3,5(10)-trlen-3-ol 12 a) 

A solution of triph«nylp:nosphite evathiodlde (TPHI) (2 2) (340 ag) and 
estradiol (l)i« (175 («) in .1(nethylfoi-»amide (DKT) (4 mL) was otirred at 
rooja temper iture under nitrogen for 24 h. The reaction mixture was then 
added dropwixe to a stirred mixture of ice and water (200 g) . The obtained 
solid was ftfpatated by filtration and dissolved iR othtir. The ether solu- 
Uon was washed with 5» sodium thiosulphate and watsr, dried over anhydrous 
.sodium sulfate and the solvent was removed at rocw temperature, under re- 
duced pressure, to yield a gun (280 ng) . The residue was fractionated by 



preparative TLC tslllca gel hexane-«thyl acetate (3il>I to give |2a) 
{lOS mgi (50%)) mp 120-1 240 (docl. The compound turned pink within a few 
boors. KKR (cnci,) * 0.«S (2,3D,CtB-a) ^ ^' ^i'* J2-l-i 

Hx, Ci,-eH). Nasi spectrw m/e 39r(M*), 254 ()«*-HI). 

Atteiapted rmxaertsation of l?a-iodoast ra- 1,3,5 (10 )-trien-3'Ol (2a) 

A mixture of the 17a •Iodide {2a} [200 ng) and sodium iodide '400 eg) 
In acetone (10 nL) (cr ethyl itethyr~Vetone) was re fluxed for 5 h under 
nitrogen (25). The solvvnt was concentrated to half of its original 
volume and ice cold water was addo:1. The procluct waa recovered with ether. 
The ether extract was washed vith water, dried over Na2S04 solvent 
renoved to give a solid, which was identicel to «h«t stut.ing material. At- 
tempra to is«Mris« the 17a-iodide (2a) by treatment with maqnesiua iodide 
(Cb) in ether at V*C for 1 h (26) also resulted in tne recovery of starting 
material. 

l7-Methyl-lB-nor-estra-l,3.S(10i,13|l7)-tetraen-3-ol (3) 

A eolution of (2a) (150 shj) in IxopropAOOl (ID so.) was re fluxed with 
sodium iodide (400 mgT in an ataosphere Of nitrogen for 24 h. The solvent 
was removed In • stream of nitrogen and then lc« cold wat^r was added. The 
solid was filtered and dried (145 ng). TLC of this product (silica g«l- 
hexane-ethyl aceeato (3*1)) Indicated the presence of essentially one com- 
pound. Preparative TUC (silica geli bexane-ethyl acetate (2il)) furoished 
pure 17-oathyl-lO-norestra 1,3,5(10) ,13(17)-tetraen-3-ol (3) as white crys- 
talline material mp 950, WCR (COClj) , S 1.65 (s.C-17 CHjli~no signal for 
vinyllc protons. 

i7e-t4ethyl-lg-nor*estra-l , 3, S (10) ,13-tetragn-3-ol (4) . 

A solution of 17a-estradlol (le) (200 o>g) end TPHI (660 ng) in dry OKT 
{10 ML) (distilled owar eslciura hytTrideJ was stirred at room temperature 
under N, for IB h. The reaction ciixture was slowly poured into ice and 
water (330 g). The egueoua pha>« vax decanted from ttie guamy product and 
the residue was takMn up in ethyl acetate. The ethyl acetate solution was 
washed with St sodium thiosulphate, water and dried (I3a2;;04), and ttM sol- 
vent removed. The gunoy residue was purified by preparative TLC (silica 
geli bensene-MeOH (lOtll) and (4) fflS mg) was Isolated. KP 147-14»o KKS 
(CDCl.) i 1. 01 (d,J«7 lU. C-1? Tciri), 6.57 (t,lH,C4-B), 6.63 (d of d,J,* 
J Bt.Jj-^ «*. C2-B,7.)« (ia,d,J»7 ds,Ci-H), 

3 -HYdroxyestra-1.3,S110)-trlene-17-hydr»xone {Sb) 

A mixture of eotrone (5a) (1 g) , trie-.hylamin* (2 kLI , 95» hyJrasine 

•5 mL) in ethanol (10 mH was refluxed tor 1.25 h and. after cooling, was 

poured Into 200 nt of loo cold water. The crystalline hydrasone (Sb) w«s 
filtered and dried 11 g) . MMB 4 0.86 (s.lSS-Ofj). ~ 

2, 4, l7-Tri-iodoestra-l ,3,5 (10) ,16-tetraeoe-3-ol (6a) 

A solution of iodine (1.2 q) in Tirr (5 ml.) was added dtoowise at room 
temperature to a stirred mixture of the hydtrasono (5b) (220 mg), triethyl- 
amine (1 mL) and dry tetrahytUofuran (ThP) (5 mt> (77). The stirring was 
continued for 5 min. , then most of the solvent was restoved under reduced 
pressure and the mixture ws» poured into ice cold water, rolloving 
aeltlif ication (2N)K1), the prodr.cts wero o.^tracted with ethyl acetate. The 
extract was washed with 5i a<j< sodium thiosulphate, vater, and dried 
(NajSOi). Removal of tho solvnnn in vacuo gave a gummy product 05(^ mg) 
which showed two major spots on TLC. Tract ionati on by preparative TLC 
(silica nel, h»x»ne-ethyl acetate (3illJ aavo two crystalline products. 
The less polar fraction (204 w)) was characteriied as 2, 4 , i7-tri-lodoestra- 
l, 3, 5 (10) ,l6-tot-«eno- J-Ol {€a) 16<)0 (KtOll-CHTljl . fiHRi i 0.75 (in.s, 
Ci8-H'< 5,8 (OH, disappeared on excha-ige with DjO) . 6.2 (lH.t,J*2 Hi, 
Ci«-tl>, 7.63 (lH,s,ei-ri) . Die oure oolac frarrtiun (116 mgl waa identified 
as 17-iodoastra-:,3,S(l0) ,i6-tetraeno-3-ol (6b) mp X46-147<>. 

17-lodoe«tra-l. 3. S (10) , 16-tetraene-3-ol (6t>) 

a solution of the hydrasone {3b) (650 mg, .3 mmole) and triethylemi.ie 
(2 FiL, dried over AljOi) in dry T«r*(30 mL) was sUrred under Nj. Then a 
solution of iodinn (040 ng, 3.2 nooltt! in Ttir (10 oL) was added dropwise 
and the stirring was continued for another 10 nin. The mixture was poured 
Into water, acidified with 2H MCI and 5% sodium thiosulphat;e (5 ctiL) was 
added. The prod'jct was extracted with ethyl acetate, washod wirh water, 
driad, (•Ja^SO^) and the aolvent removed under reduced pressure to yield a 
fluffy solid. Purification by preparative TIC [silica gel, hexane-ethyX 
acetate (3:1)1 furnished crystalline (6b) (850 mg) op 1<7-I49*>i KKX 1 0.77 
(3K,s,Cie-H), 6.11 llK,t,J"2 Hi,Cit-»)7"6.62 (lK,a,C4-H;, «.6« OH.dof d, 
Jj-S Kx,J2'2 8l,C2-H) and 6.B8 (lH,d,.l>8 n2,C2-H). 

3, 1 7B-Dlhyrtro«yestra>l, 3.5 (10) ,6.t«traen-3. 17-di»cetate (9al 

The rsqulr^'l 6a-hydroxy {Ba) and 6a-^iyrtroxy (Sb) compouoda were ore- 
pared as described by Burrows 67 al. (2B,29), 

A mixture of the 6«-hydroxy-3, l7-dlacetatc 18«) t52S ciq, 2 ramole) and 
TPN: (1.36 g, lioaole) in dry OHF (15 nL) wax stirred at 25° for 18h ondsr 
nitrogen. The dark brown solution wat the.i slowly added with stirring to 
colt] wator (ICO aL) and the product was extracted with ether. The ether 
extract was washed with a SI solution of sodium thiosulfate, followed by 
water, dried (Ma,SO. ) and the solvent ttMWved. The residue, was fraction^ 
ated t>y column cnroAatooraphy (silica gel, hexane-ethyl acetate) to yield 
I9£) (490 mg) np 154-56* (Rethanol). 

Similarly, the €5-hydroxy- 3, 17-dl acetate (|d) on treatoeDt with TPMI 
gave the (9a} in excellent yield. 

Kh<in the t-tosylate.** (8c) and (Be) were treated with -sal ir. re fluxing 
acetone cr ttsi in isopropar.or (2S) orTigl, in ether (26i at 0^, only (9a) 
was isolated. 

e»tra-l,3,5(lO) .6-tetraene-3,17B-diol (9b). ma 220<22}*'c was prepared 
by treating (9a) (150 mg) with UAIH^ (120 mgT in ether (5 mL) . 

1 7ft-Iodo«5tca-l , J,5 (1 0) ,6-tetraen»-3-ol (9c> 

A mixture of 6-dehydroe«tradiol (9b> (115 ng), TPHI (450 mg) and 
DMF (3 oL) was stirred under nitrogen Tor 16 h. After a conventional 
workup, the residua was purified first by coluon chromatography end then by 
preparative TLC tallica gel, hexane-ethyl acetate {3)1)1 and the 17a- 
iodide (>c} (80 mg) mp 121-123^ (dec) was obtained. BHR (COCI3) 4 0.86 
{3H,s,C]^), 4.43 (lH»d of d.J,'>7 Rs,J2-3 Hc,17»-R). Bie 17o-lodlde (9c) 
was also obtained by trmating the 6a-hydroxyastradiol (ib) with rrw in OW 
ax described earlier. 



Estra-l,3,S(10)-criene-3,17l-dlol-6-hydrasone [7b) 

A mixture of the 6-keto«strAdlol-3,17B-d:ac«tate <7a) (39,40) (370 ng) 
trUthyLamioe tO.B nl.) , 95 « hydra line (l.O nL) and absoTuts othaaol (5 aL) 
was refluxed for 1.25 h. The cooled ^dxture was poured into cold water. 
The crystellioa hydrasone (Tbl (265 mg) was filtered, dried, and the crude 
product was used In subsequent reactions. 

2,6-Diiodoestr*-l,3,0(10J,<-tetr«en*-J,17»-diol (lOa) and lodoestra-1,3, 
5|10),6-tetrBane-3,17»-diol (lOb) ~ 



*■ C. tongcc^, T. *ru'!*Ch9l9P*/ and B. Caspi. unpulFliahed observations. 

^ The abbreviations used ar»i NIS, n-lodosuceinieidBi tpnI, Triphenyl- 
pnosphitR Mothiodidft; TKF, Tetrahydrof tiran : Me^SO, Oimathyl Sulfoxide; 
KMit, tfuclear Magnetic Retonancei IP, Infrared) Ns, Mass Spectrum} Ac, 
Acetate 1 Ts, p-toluenesulfonate: OCO, 2, 3-dic.Mcro-S,6-dicyano-l, 4- 
benzoquinonei fteOU, Methanol) Hx, Herts t TLC, Ttvin Layer Chromatography; 
OHT, Olmothylformamidwi HMPT, Rexaftethylphosphorous Triemide) LAH, 
tithiun AluainuB Hydridej 'a-E,, [2, 4,6, 7-3-rf)-estra-l, 3,5(10) -triene- 
l,l7a-diol; HOI, Qypoiodous Acid. 



A solution of tito hydrasone (7b) (325 mg, 0.75 sMole) and trlethylsmioe 
(dried over Al»03) (0,5 mL) in dry"^P (freshly disUlled over LAH) (5 oo.) 
was stirred under nitrogen. Then a solutiua of iodine (2S€ ng, 1 sssele) io 
dry TKP (5 mt> w*t »dded dropwiw., until tfc* dsvelnpiag pl.-A color persisted. 
Mhen the evolution of nitrogen ceased {l0-i5 min.), t.ie mixture was poured 
into ice cold water and acidified with 2H.KC1, A solution of 51 eodius 
thiosulfate was added dropwlse to discharge the color of Iodine and then 
the products vera recovered with ethyl acetate. The extract was processed 
in the conventional manner to yield a guimay residue 1340 mg) , The residue 

fractionated by preparative TLC (•ilica gel, developed first with 
bexana-ethyl acetate (2tl) and then with haxane-ethyl acetate (Itl)] to 
give two crystalline coofOoads. TtM less polar material was found to be 
2,6-iodide (lOa) (75 og) mp 146-50O (dec) 1 KKRi 0,77 fs,Cji,-l)}, 1.6 (t,J-8 
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I.t7 JCi-Cfi) »na S.S (phenolic OH). Kaa* •p»ctnini V« 522 (K ), 
ICilc'd'-lor C1BK20O3I21 i22>. ram major, MOr« poUr product wa* «-iodo««tr.. 
I,).5a0).«-t»tta«n»-3.17(-<!toi (lOb) (13tt *9) l>7-40« (fije). KKRi ♦•73 
( 1,01, -Hi, 3.7 (t«J*8 cpt,l7«i-a).~TU«« »pectrun: a/* 39« {«*), (C«Ic*d for 
CiBHJrOHi 396). Tli« fenwcloo of tho dLloditfs tlOa) oto«Xd b« avoided by 
alov, dropwiat addition of O.S oquivalant of iodiA* (solution). The color 
of tha nlxtura should bo coftpUtaly dlacbar^ bafor* th« i»«xt drop of tha 
iodina aolution is addad. ttndar thaaa conditlona tb« S-iodida ( 10b ) was 
foraad in aboot iO\ yield. 

RydrOQenation of tha vinyl iodida* (LOa) and (10b) ov«r }% Pd/C in 
atnyl acatata raaulced io tha Io«k of iodtna. 

7»-Iodo-3,€t,17t'Crihydroxy*atjra*l,3,5(10)«triana-3,l?-di*catata (lift) 

\ tolotion of cha dlaeatata (9a) (90 m^, 2S mola) and N-lodo«uc- 
cinamido (BO aig, 0.35 senola) in ac«&n« (S ovL) waa atlrrad and cooled to 
y^. Thnt 0,211 HCIO4 to. 41 bL) vas addad duxlnq 15 Kin. and tha atirring 
(4t S^) wa« oontiinued for «o additional 30 etln. Aqoaona aodiua thioaul- 
phata (101) vas addad to tha itlxtara until tha Kl-*tarch papar tast waa 
n«9ativa, Watar tiO nt,) was added and tha product was r*cover«d with 
•ther. Tha othar solution was waahod. dried (Ha^SOi] and retaoval of the 
•oivant gav* a aolid. Crystallisation fror\ etOAo-hcxane furnixhad tfhita 
crystals of tha lodohydrin (lla) (100 ng), op 1C1*=* (dec). KKRI 0.9 
(•,Cia-B), 1.07 [8,17-aAC), 771 (a,l-<MC), 4.4> (1B,7«-H), 4.75 (t,J-7 
H>,17i-H), S.0$ (d.J-l.S Hs,6ft-Kt. 

7Q-Iodo««tr»-l,3,5<10)-triw3,6a.)7fr'triol (lib) 

A solution of 4-dehydi:e«&tradlol {9b), (60 n^, 0.3 bsm1«) and U- 
iodosueeinlAido (91 109, 0.4 noola) in acetone (6 nL) was cooled to (S^C) , 
then aqueoQA 0.3M RCIO4 (0.5 ML) V4S addad dropwiaa (IS fU.n) . Aft.«r 
atlrrln? at S** for 30 tain, the reaction was worlced up aa described above. 
Tho erode product was fotctionotod by prapac stive TIC (silica gel, hes4a«'> 
rtOJkC-HsOH {10:9:lJi to Nrnlsh 7a-iodOt;iol (lib) (120 04) Bsp 13S-137*C 

(hexaoa-athyl acetate) N)« (CDClj-DMSO-dg) 4 OTffT (s ,C, g-S) , 3. 72 (t,J-B 
Hs.l7(i-H), 4.47 (be.C.'BK), 4.91 (b«,fie-H), «.77 (d.J-B H<, Cj-H), 6.63 

(bS.C^-B), 7.2 (d,J-fl Hl,C^-H). 

7a*Iodo-6-](etoestra-l,3,5|10)-triene-],17e-diacetata (12) 

Jones* reagent (0.7 ml.) was adAed to a stirred and cooled (0^1 solution 
of the iodohydrtn ( lla ) (50 ng) in acetone (2 uL) . Stirring was con- 
tinued (or 30 Bdn. and tho oxoess reagent was destroyed with nathanol. The 
solvent was removed In a strean of nitrogen, cold water was added, and the 

crystalline ^-ketone U2} was filtered and dried (-45 mg) . IR (KCr) t «»x 
1754 O-Ac), 1734 {17*QXc) and 1675 ca'^ (6-ketonel. MHR (CDCli) 4 0.88^ 
(s,Ci9-H). J. 07 te,l7-C*C), 1.12 (*,.l-fUc), 4,76 (d,J-2 Hx,"4-H), 4.7 
(t,l7o-H) . 

3*Hydro»yestr«-l,3,5<l0) ,9 ai>-tfetraan-n-one (U) 

A solution of llo-hydroxyestrona (15) (31) (72 mq, 0.25 onole) and 
TPHI 10.4 flOBOle) in dry IW (5 nL) was stirred for l« h, under nitrogen 
atnospbere. Pollowin<j the usual wnrkop *nd purification by pxoparatlva 
TLC (silica gel, hexane-et.nyl acetate (2jl)J, A* <ill -estrone (13) (45 »g) 
mp 146-4«o (241-47«' lit. 33,34) was obtained. KMA « 0.93 (ji , SffT- s-H) , 
6,07 (broad peak. Cij-H) . 

Authentic sanples of (13) were prepared in 40t yield by treatnent of 
estrone (5) with f luoroaulpKonio acid In tho pieaence of *ntLi»ony penta- 
fluorido T32). Alterneniv^ly, exposure of estrooe to 2 . 5-dich^o^o-S,6- 
dlcyano-l,4-ben^oqul,^on• OOC) in r.«ttiafiol or dioxane (35, 34) i>lwo <}av« 
tK* Olefin 11$) . 

S-Hydroxy-t-iodoea^r s- l.l.SllO) ,9 11 1) -tetraon-17'or.e (14 ) 

A aolution of 3-hydroxy-e8tra-l , 1, 5 (16) ,9(11) -tet>r««n-i7-one (13) 
195 fw) and K-iodoauceinlmide (ilO ng) in acetone (8 nL) was stirred^ at 
-50 emd then 0.2H perchloric acid (O.S toJ.) was added dropwiae during 
15 Rin, The stirring w%» continued for 30 «in. at -5<=t. Subsequently, a 
10* solution of sodlun thioaulfste was added until a Kl-starch paper test 
was negative and the »iiitura was diluted with water. 

The product waa recovered lethyl Acetate) and processed in tho usual 
manner to glvo e te»i-solid. Crystallisation froo ethyl acetate furnished^ 
4-iorfo-3-hydroxy-estra-l,3,5(10),9111)-t«traen-l7-one (14) |15 mq, »v 155- 
l^ffi (dacH. Tu: of the mother liquid (be sane-ethyl acetate (1:1)1 9«ve 
an additional amount of the lortide 14 ISO tog, tap IS^-ISO"^ ("^thanoin. 
NMR, S 0.91 {3H,s,Cio-in, fi.l lbroaa"peak,Cu-H), 6.8 (18.d,J-a IIJ .Cj-H) , 
and 7.4 (in,d,J»e »i;Cj-H).. Mass spectrun: n/e at 394 (>i*) (calCdt 

Ci6«2oO;r'"4) . 

Ua-IoaowstrB-l,3,5(10)--trione-3.17>-diol (17} 

A soIuUoo of esertol (!£) (145 ag, 0.4S Boaole) sitd TFMI (455 »g, 
1 woolel in dry DKT (3 sil,) was stirred under nitrogen (20 h) . The dark 
pin)i mixture was added dropwise, with stirring, to ice and water (100 bO.) . 
The product was recovered with ethyl acetate, the extract wis washed with 
5i sodl'jn thiosulfate, xater and dried (Na2S04) • Retaoval of the solvent 
gave a gunmy residue which was resolved by preparative TLC [silica gel, 
hexs/)e'Othyl acetate (Itl)} Into fJ.vn fractions (listed in order of in- 
creasing polarity). 

fraction tl ; Contained tr&ces of naterial and was aoe investigated. 

Fraction ti t Yielded e«tra-l , 3,5 (10) , 16- tetraen-J-ol (ISa) (40 ng) 
top 129-70" HHR (COClj): I 0,65 (18-H}, 5.92 (2H,«,1«- and 17=ffr. 6.6B 
(«,C^-8), 6.75 (d of d,Jj^»« Ht,J2-2.5 Hz.C^-tl) and 7.27 (d,J-B Bi,Cj-H). 

Frac ti on * 3 ; Gove the phoenhonate ester (16 bi (10 lag). nhR: 1.76 
(3H,diy*l'ti'U«Vf-Ca^) , 5.88 t2H,(»,Cw- and C^-j-Hinind signals for eight 
aroMtic proton A. 

rractipn Hi The rooid^io 140 (w) was crystallized from boxana-ethyl 
acetaW "to give l68-iodo-cstrB-l, 3, 5 (10) -triene 3,17s-diol (17); at 110- 
130^, the color of the crystals changed to piAk &nd then again to <chite 
which laelted at 215-30°. The product (17) gave a strong positive Beilstein 
tent. m»» (CDCl, ; DMSi>-ds) 4 0.96 (3H7b,C, .-H) , 4.75 ilH,Di,16o- dnd 
17a-H), 6.57 (t ,<*.-«) , 6.64 (d of d,J,-B iui5,«2.5 Hz.C,-H) and 7.1 (d, 
J-8 MJ,C,-M), Mats spectromt H/'e at i98 (M*), 270 (K^-fll) (calc'd for 

cie":302i.39e). 

Tteauier.t of (U) (IS ctg) with 5% methanol ic sodi^ hydraxide gave 
estrone (9 »g) . 

rractlon *5 ; Cave di phenyl netfcyl phosphonate laK-^lOPh),) (160 
»g,olr)".'" 

When ftxcesx of TPHZ I't A. nolar equivalents) was oxod, the major product 
of the reaction was the A^^-olotin ( 19a ) (60-704 yield). When equioolar 
aoounts of TVNI and(l£) were used, tIie~najor product was (17) . 

17/'jlod oestra-l,3,5(10)-trieRe-3, l6B-diol (19») 

^•lodosuccininide tNZS) 160 ng, 0..)S xaole) was added to a cooled 
solution {-^ to 0°) of estra-l,3,5(10) ,i«-tetraen-3-ol UBa) (64 mg, 
0.2s eetole) in acetone (aR grade. 4 laL) - To the stirred i5Ix"ture, 0.2t» 
perchloric acid (0.4i so,) was added dropwise (10-15 am.). The reaction 
was carried out under nitrogen, and after stirring for 30 isln. at i-5<* 
to 0") a 101 solution of eodiuis thlosulfate was added until the Kl-starch 
paper test was nc^ativa. The roacLiCtii Mixture was then diiutMi vith 
water (25 »L1 and the product extracted with «thyl acetate. The extract 
was washed with water, dried (Na^SO^I and the solvent rezoved under 
reduced pressure to yield a gunny product. The residue was fractionated 
by preparative TLC (silica gel, hexane-ethyl acetate (3i2)J into one nalor 
and two alooc tones. Rxtractloc of the M.ior b«Ad (low v^Jue) furnished 

164-66'' (d«e)J; 8ei.lstein test posttivor (MR (CDCl, * oHSIF-dc) , i l . 17 
(JH,a,18.K), 4.31 {lH,bs.l7e-H). 5.16 (IH ,t%, Uo-a) ? 6.73 (1B?S,C<-H). 6.» 
(lH,d Of d,J2^^»8 H»,Jj ^-2 Hi,Cj-Kl, and 7.34 (lH,d,J^ ^-S HlC^-H). 



rroft the two adoot bands a.4,17o-trlodoestre-l,3,5(10>-3,16l-dlol 
(UbJ and 4,l7a-dliOdoe«tre-l,3.5(lfl)-triefte-3,l«B-dlol (19c) were recovered 
iQ~ahout 5» yield. 

17»-lodooethyl estra-l. ).5{101-triene-3.17>-dlol (31) 

A 474 solution of faydroiodie acid {16 J (0.5 »L) ves added dropwiae to 
a stirred solutloo of the 176-ozirane 20 (35) (SO og) in dioxane (2 nt) and 
tae stirring was continued for 30 ralnT" The dark pink solution was dilated 
with ethyl acetate. The ethyl acetate solution was washed successively with 
a 5t solution of sodiua thlosulfate, 2* aolution of sodloa bicarbonate, 
water, and dried (HajSOi) . Reaovsl of the solvent gave a gussay residue. 
The product wma purified by chrowatography over a colusm of silice gel. 
eiutioo with hexane-ether (3tl) furnished crystal line 17e-iodasathyl 
estradiol (21) (45 rag) . Rp 146-51* (from ethyl acetate-hexane) . NMH 
ICOCl))!* 1703 (ia,s, 16-11) , 1.6 (ZI{,A» quartet, 4j^g»l6 lls,Jj^-10 Hs.CBj-I) ■ 

16<»-Iodo-3-hydroxye»tra-l, 3 ,5 (10) -trien-17-on» (2 2fa) 

The acetate (22*) (op. 165-165<*C) was prepared (37) and hydrolysed 
with Bvethanollc HCl~Eo give the crystalline 16a-lodoestrone (22b) 
(14 5 ng). Rec rye tall Isat ion froct Methanol gave (21b) Rp. 210=211'' C <dec) 
(lit 213» (deo)l »IMR* 0.92 (s,3H,19-H), 4.93 (brS57 potk, 16B-H). 

2-lodo-estra-l,3,$(lO)-triene-3,17»-dlol (23) 



Tho product was prepared tta described by HI 1 Istann-El ies et *l . (38) 
and showed sq> 127-26° (sf> 129-300). ^ (COClj-DKSO-dj) 4 O.TTTTfl.s. 
la-H), 3.7 (lH,t,J'7 Ha,17«-if), 6.69 (s.lH,C^-A) and 7.6 (s,lH,Cj-a). 

Biological Evaluation of lodo-Eatrogena 

Preparation of Cytosol i For studies using the dextran coated charcoal 
assay or sucrose gradients, cytosol frw rabbit uterus was prepared 
according to the published method (41,42). Oterl fron nature virgin feaiala 
rabbits were reaoved. cleaned end frozen 1ft liquid nitrogen. The frosea 
uteri wcro then pulverised, using e thecnovac pulveriser (purchajed fro» 
Thenaovac lod., Copiagua, »K>, hooogenizad (2il, wt/vol) in Trls buffer 
(TrlsiHCl,0.01 Hi pfl 7.4; O.OOIS N COTA} and 0.5 mH Oithiotbreitol) 2il 
(vol/wt) using s polytron SH-IO honogenlser in three 10 sec burste. Ttte 
homogenate was centrlfuged at 4° at 140.000 x 9 for SO ain. and then the 
supernatant used as described below. 

Dextran Coated Charcoal Assay t The dextran coated charcoal assay for 
displaconent 6t" |^Iest/&dlol by lodinated sfcarolda was carried out as 
previously described (43). To a series of 12 x 75 ttst tubes were added in- 
ciesKtntal asounts of either nonradioactive estradiol or nonradioactive 
iodinatod steroid in ethanol. The ethanol was renoved under And to the 
tubas were added 10,000 dpo oC 2,4,6,7'(3Hj«,tradlol (tp. SC. 91.8 Ci/Mllli- 
(Bolc) in 200 ul buffer and 20 of the cytosol. The tubes were incubated 
for 16 h at 4**C and, following the incubation, 1 aL of dextran coated 
charcoal (0.1S» Horlt A, 0.025% dextran in Trie buffer) was added. The 
tubes were then centrifuged at 4°C at 3,000 rp«. Tha supernatant was re- 
KOv<>d. placed into counting vials to which was added 5 aL Aquasol (pur- 
chased froa Hew Englatyl tMclear Co., Boston, l«A) . Tha radioactivity was 
ica-»ur*.d in a Packard liquid seintil latino spectroaetet. The results were 
then plotted at B/B* vs. amount of added steroid (43), end the relative 
binding affinity of ?Ko iod mated estroqens co»pared to estradiol was 
calculated (44), 

tnhibition. Experioents i Certain lodinated steroids which showed 
inhibition of l^KIeslraaiol" binding were further studied to deterrome 
the type of inhibition, to all bi:t -^ne of a s^tries of tubea was added 
iodinated steroid at three concentrations in ethanol^ The ethanol was 
r*ra0ved w.-vler nitrogen and to all tho sot* of tubes were added increwantal 
awounts of (3 HI estradiol in buffer and 20 ul of cytosol. The tubes were 
inc*;b«ted overnight at 4"C. Tol lowing the incubation, 0.5 aL dextran- 
cfMsr.ed charcoal solution was added to all tubes, the contents of which were 
ttixed oMjcliAT-ically and allowed to incubate for 20 oin. at 4 C. rollowing 
the incubation with dextr en-coated cbareoal all tubes were centrifuged 
at 3,000 rptt at 4^C. The supernatant was resnvvd into counting vials, 
5 ml. Aquasol vas added and the radioactivity neasured in a liquid scin- 
tillation spectrophotoaeter. The data was aaalyced for free and bound 
steroid and plotted, using 0 Scatchard type plot (45). The nuwber of eitee 
and the were then calculated. 

Sucrose Cradients t Sucrose gradients, 10-30% (41) were used. Uterine 
cytosol', 250 pi. Wis' incubated for 15 siin, with 1.0 fl of buffer con- 
tain inq VArying anotints of iodinated eetrogen or estradiol. Then, 1 
picoeaole of (^BleatradioL was added snd the tubes incubated for 4 h et 
40C. FqI lowing Incubation, the cytosol was resoved and ioeubeted for 
20 Bin. over a charcoal pellet at 4<>C. Following the secotkd incubation, 
the charcoal w»fi reaovftd by oentrifugstlon at 3200 rpn. T)ie superitatant, 
200 ul, was layered on •ueroce gradients and 10 ul of 4-16c-eU>uain (46) 
in buffer added as an internal aarker. The tubes were centrifuged at 
40c at 197,000 X g for 16 1/3 h. Pollowlng eentrlfugatlon, 0.1 oL fractions 
were collected la vials, rive aL Aqtuasol wee added and the radioactivity 
detcnolnod in a liquid ecintillation spMtroiMter . The counts per oinute 
ware then plotted against tube niaabec. The 8S and 45 peaJts wer* detersiincd 
■nd the degree ot dlspUceaent by the lodinated estrogen calculated. 

In Vivo Studios t Twenty-nna day old fcoatn rats loeintained on regular 
food ruEnsijaTOtnmn ituM KI, ad lib, were injected with :JB1 estradiol , 2 
-Ci, and varying quantities of oii0pon<iing vehicle or of the tested iodinated 
estrogen. Two hours later the rats ware sacrificed, the uterus was rem>ved, 
cl^&iieJ, weighed an:! solubiliicd, usinq protoiol (1.0 u.) tissue solubil- 
izer (pnrchased (roo tiew rnqland Miiclear, Boston, HA). Aquasol (9 mL) was 
added and the radioactivity deterwlnert in a lltiuid acint illation spec- 
tromoter. 



Onutrao Coated Charcoal Assjy t The relative binding affinities are 
noted in Tables 1 and 2 J OI tne coRpounds tested not one with an iodine 
a tea at the I7tt or at the 2 oosition was active io displacing the t^H J es- 
tradiol fron the cytosol receptors. The relative bioding activities t>emg 
1* or lass for these coeipouods. 16o-iodoestrone (22bl , 16(-lodo- 

eatradiol 117| , 6-iodoestre- 1 , 3. 5 (.10) ,«-tetraene-3, 17B=3rol (lOb) , 7»- 
jodoe$tra-l75.5tlO)-trlefte-3,6b,lT6-trlol Ulb) and the 4-iodoe»tra-l, 3, 
5M0> ,4(ll)-tetr«en-3-ol-17-one ;}_4) all h.>r^lnding affinities relative 
to estradiol above O.Ol with the greatest binding affinity 0.57 being 
n:)ted for the 16«-lodoestradlol (17). 

mhibltion studies were carried out using 3 of the aost active 

lodinated estroqens. These reaults are noted in fiqure I. It is seen that 
for these three lodinated compounds the addition of increasing amounts of 
the lodinated efttrogeo resulted in « shift of the binding affinity for the 
I Jh] estradiol bet not in the number of sites. This is canpstible with coc- 
potitlve inhibition aa the cauxo foe tho dixplaeeaent of the (*lT]e»tradlo*. 

Sucrose Gr adients t As noted in ri<iure 2 tnere was di splace«ent of 
|3u]eaVradiol frora'EKe BS and 4S pea)(» of receptor by the 3 iodinated es- 
trogens. This displacement was coicplote at concentrations down to 40 

nAr.oinolar . 

In Vivo Adainistratlont as shown in Fiqtue 3, all 3 iodinated estro- 
gens VeSuiUa in Uminitimi of (3lll estradiol binding by the rat utero| m 
vivo. The aost active agent being i 6s- lodo-estradlol (11. with the A -6- 
loJo-estradiol (10b) less potent and the 7-iodlde (UbjlEsing the wea)test 
inhibitor of l^HfeStradiol binding. 



Estradiol Displacement with lodoestrogens from Receptors 
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La pr^sente invention a pour objet, a titre de 
nouveau medicament, notamment pour le traite- 
ment de I'hyperchblesterolemie et des troubles en 
resultant, le 3,16a-dihydroxy 16p-ethynyl estra-1,3, 
5(10)-triene, ses ethers et ses esters, de formule : 




dans laquelle R represente de Thydrogene, un radi- 
C8i alcoyle ou un reste J'acide organique carboxy- 
lique, conditionn^s en vue de Tusage au poids 
medicinal et les compositions en renfermant. 

Le 3,16a-dihydroxy 16p-ethynyl estra-l,3,5(10)- 
triene (R = H) se pr^sente sous forme d'un produit 



solide incolore, soluble, dans I'alcool, insoluble 
dans I'eau et le propylene-glycol. 

Son point de fusion, determine sur bloc de Kofler, 
est de F = 215 ^C. Son pouvoir rotatoire est de 
[a]2o = + 47,5 oc (c 0,7 %, dioxane). Le spec- 
tre LR. (chloroforme) montre : 

Absorptions aromatiques a 1 570 et 1 620 cm-^ ; 
Hydroxyle tres associ^, mais absence d'une bande 
d'absorption a 3 480 cm-^ comme le compose 16a- 
ethynyl 16p-hydroxyle ; 

Une bande ^thynyl a 2 125 cm-^. 
Le principe de la preparation consiste en ce que 
Ton fait agir I'acetylure de potassium sur le 3-hy- 
droxy 16-oxo estratriene en presence de dioxane, 
obtient le 3,16a-dihydroxy 16p-ethynyl estra-1,3, 
5(10)-triene que Ton esterifie ou etherifie si desire 
par les methodes classiques. 

Le schema suivant explicite la reaction : 





3-6ther8 ^ ^ 3-esters 



Mode operatoire, 

1° Preparation de Vacetylure de potassium. — 
On chauffe a 60 un melange de 260 cm^ d'alcool 
teramyiique et de 90 cm^ de benzene, ajoute lente- 
ment, sous agitation, 23,5 g de potassium et main- 
tient I'agitation deux heures a 65 °C; on ramene a 
la temperature ambiante, ajoute 100 cm^ de dioxane 
et on fait passer un courant d'ac^tylene pendant 
deux heures trente minutes. 

2° Ethyriylation, — A la solution d'ac6tylure de 
potassium obtenue ci-dessus, on ajoute une solution 

7 210883 7 ^ 



de 3,9 g de 3-hydroxy 16-oxo estra-l,3,5(10)-triene 
dans 120 cm^ de dioxane; on agite a 32-33 pen- 
dant quatre hemes, en maintenant le courant d'ac6- 
tyl^ne, refroidit, ajoute un exces de solution satur6e 
de chlorure d'ammoniiun, extrait au benzene, la vie 
les phases organiques a i'eau et 6vapore a sec sous 
vide; on recueille 5,6 g de compose, on le chroma- 
tographie d'abord sm: silice, puis apres cristallisation 
d'une partie du produit, on soumet les eaux meires 
a une nouvelle chromatographic sm alumine, ce qui 
permet d'isoler une nouvelle quantity de produit 
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attendrt^, les deux chromatographies etant efifectu6es 
dans le melange benzene-acetate d'^th^e (7 : 3). 
On termine par une recristallisation dans r6ther et 
obtient 528 mg de 3,16a-dihydroxy 16p-ethynyl 
estra-l,3,5(l())-triene, sous forme d'un produit 
solide incolore, fondant a 215 °C; son ao est de 
+ 47,5 oC (c = 0,7 %, dioxane). 

Analyse (C20H24O2 = 296,39). 
Cdcule (%) : 

C : 81,04; H : 8,16. 
Trouve (%) : 

C : 81,0; H : 8,5. 
Spectre U.V. (ethanilj' : 

Infl. vers 218 m[i 
' Infl. vers 221 m\i 
Infl. vers 229 my. 
Max. a 281m(x 
Infl. vers 287 m(x 



1 V. 

cm 
cm 
cm 

t 



El 
Ej 

7. 
■^1 cm 

E} 



= 254; 
= 246; 
= 178; 
= 69,6; 
= 62,8. 



Ce produit n'est pas decrit dans la litt^rature. 
Le produit de depart, ie 3-hydroxy 16-oxo estra- 
l,3,5(10)-triene est obtenu selon le proc6de d6crit 
par M. N. Huffman et M. H. Lott, /. Am, Chem. 
5oc., 75, 4327 (1953). 

Le produit est dot6 de propri^tes pharmacolo- 
giques int^ressantes. II possede notamment une 
action hypocholesterol6miante importante. 

II peut etre utilise pour le traitement de I'byper- 
cholesterol^mie et, comma agent preventif ou cura- 
tif des mdadies art^rielles, arterites c^rebrales, 
aortites, coronarites, angine de poitrine, ath6ro- 
matose. 



Le 3,16a-dihydroxy 16p-6thynyl estra-l,3,5(10)- 
triene, ses ethers ou ses esters sont utilises par 
voie buccale, perlinguale, transcutanee ou rectale. 

lis peuvent se presenter sous forme de solutions 
ou de suspensions injectables, conditionnees en 
ampoides, en flacons h. prises multiples; de compri- 
mes, de comprimes enrobes, de comp rimes sub- 
linguaux, de capsules et de suppositoires. 

La posologie utile s'^chelonne entre 4 et 20 mg 
par jour chez I'adulte en fonction de la voie d*admi- 
nistration. 

Les formes pharmaceutiques telles que : solu- 
tions ou suspensions injectables, comprim6s, com- 
primes enrobes, comprimes, sublingiiaux, capsules et 
suppositoires, sont pr^parees selon les precedes 
usuels. 

Etude pharmacologique du medicament objet de 
r invention. 

1^ Action hypocholesterolemiante chez le rat 
femelle normaL • — On opere sur des groupes de 
rats femelles, d'un poids moyen de 200 g, auxquels 
on administre, par voie oraJe, le 3,16a-dihydroxy 
16p-ethynyl estra-l,3,5(10)-triene utihse en suspen- 
sion dans un liquide dispersif aqueux, aux doses 
quotidiennes de 2 et 5 mg/kg pendant dix jours. 
Un groupe de rats femelles de memes age et poids 
sert de temoin. Des prises de sang sont effectuees 
le onzieme jour, en vue de determiner le taux des 
sterols s6riques. Les animaux sont sacrifi^s le meme 
jour. Les organes suivants : foie et surrenales sont 
preleves et peses. 

Le tableau ci-apres resume les r^sultats obtenus : 



Lots 


Doses 
quotidiennes 


Sterols 
s^riques 


Surrenales 


Foie 


Prise 
de poids 
corporel 




0 


0,70 


mg 
57,5 


g %g 
4,33 


+ 10 % 




3,16a-dihydroxy 16p-6thynyl estra-l,3,5(10)-tri^iie 


2 mg/kg 
5 mg/kg 


0,61 
(-13%) 

0,42 
(-40%) 


58,9 

71,2 
(+ 24 %) 


4,49 
5,06 


+ 7% 
+ 10% 



Dans les conditions de Texperience, on constate 
done que le 3,16a-dihydroxy 16p-ethynyl estra- 
l,3,5(10)-trifene a une nette action hypocholeste- 
rolemiante a la dose quotidienne de 5 mg/kg. 

2o Recherche de Vactivite estrogene. — Le 3,16a- 
dihydroxy 16p-6thynyi estra-1,3,5 (10)-triene a et6 
administr^ en suspension aqueuse, par voie orale 
ou par voie sous-cutan6e en une seule fois, en solu- 
tion dans I'huile d'olive, a des rates Castries, 

Les frottis vaginaux ont ete effectues chaque jour, 
quarante-huit hemes apres le traitement et pen- 
dant cinq jours cons^cutifs, en ne retenant comme 



positifs que les frottis formes exclusivement de 
cellules kdratinis^es. 

Dans les conditions de Texp^rience, rimit^-rat 
a et6 trouvee superieure a 10 mg par voie orde et 
a 2 mg par voie sous-cutan^e. Le produit etudi6 
n'a done qu'une tres faible activity estrogfene, 

L'invention a pour objet, a titre de nouveau 
medicament, notamment pour le traitement de 
rhypercholest^rol^mie et des troubles en resultant : 



— 3 — 

10 Le 3,16a-dihydroxy 16p-^thynyl estra-l,3,5(10)- 
triene, ses Others et ses esters, de formnle : 




dans laquelle R repr^sente de I'hydrogene, un radi- 
cal, alcoyle ou un reste d'acide organique carboxy- 
lique : 



F = 215 oC 
/a/20 = -f 47.50 (c = 0,7 %. dioxane) 



[5.099 M] 



R = H 



conditionn6s en vue de I'usage au poids medicinal; 

2«> Le 3,16a-dihydroxy 16p-6thynyl estra-1,3,5- 
(10)-triene, ses ethers et ses esters present^s notam- 
ment sous forme de : solutions ou suspensions 
injectables, conditionnees en ampoules, en flacons 
a prises multiples, comprim6s, comprimes enrobes, 
comprim6s sublinguaux, capsules et suppositoires. 

Socm dite : ROUSSEL-UCLAF 



AVIS DOCUMENTAIRE SUR LA NOUVEAUTfi 

Documents susceptibles de porter atteinte a la 
nouveaut6 du medicament : neant: 

Documents illustrant r6tat de la technique en la 
mati^re : 

— Brevet francais {B.SM) nP 3,532 M, 



pour h ve»te d^s f^splQides, s'adresser « I'Imprimerib Nationale, 27, rue de la Convention, Paris (15*). 
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affinity and specificity of the natural hormones was determined Mols. 
interacting markedly with several receptors were submitted to x-ray 
crystallog. in order to establish whether overlap between the various 
conformations of the natural hormone and of the test mol. might not partly 
account for lack of specificity. 
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Absolute stereochemistry. 




HO' 



GI For diagram (s) , see printed CA Issue. 

AB The title compound (I) has a hypocholesterolemic effect and very low 

estrogenic activity. Thus, a mixture of 260 ml tert-amyl ale. and 90 ml 

C6H6 was heated to 60*, 23.5 g K added slowly, the mixture stirred 2 

hr at 65**, 100 ml dioxane added at room temperature, C2H2 passed into the 

mixture for 2,5 hr, a solution of 3.9 g 3-hydroxy-16-oxoestra-l, 3 , 5 (10) -triene 

in 120 ml dioxane added, the mixture stirred 4 hr at 32-3** in the 

presence of C2H2 stream, cooled, excess saturated NH4C1 added, the mixture 

extracted 

with C6H6, and the organic phase worked up to give 528 mg I, m. 215**, 
[a]D 47.5** (c 0.7, dioxane). Crude I was purified by Si02 
and A1203 chromatog. The daily dose for treating hypercholesterolemia is 
5 mg/kg (female rat) . 
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